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STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
V7 O INTRODUCTION ......ecececeeriressssssssssssesssasssasssnsassessssssssssssssssssnssssesssssssasasssssssessssens F. KIRBY
e TASK 1 SUMMARY........ eeeeenes cevncenecennnnse revesiesscsreessnessnnasnnannns eretenesrasennnrnsssanransnne A. WEISS
e TASK 2 STATUS REVIEW
e SUBSYSTEM OPTIMIZATION APPROACH........cciemeeienereeereennssensessnssnonne A. WEISS
7 e TURBOMACHINERY STUDIES.........cccceccrtrerrrennnnnssecessssssssssnssssessssnses A. EASTLAND
_ e COMBUSTION DEVICES STUDIES .......ccocttmmemcceeencenneeresssseessnsnsssssens P. MEHEGAN
|
e THROTTLING ON-DESIGN/OFF-DESIGN STUDY ...coccorverecnecrnenseneones W. BISSELL
D. NGUYEN
|
|
” e CONTROL SYSTEM AND HEALTH MONITOR STUDIES.............. R. BREWSTER
m ® SUMMARY .....ociiiiiuiimrennnsnssessnesmsnrsesssesssnssnssssssssssssssssssessessssessssssensenssssssssssansanans A. WEISS
2
[¢)]
®
o0
‘F’ Rockwell
International
Rocketdyne Division Fk-1 1609m/19
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86D-9-453A

o\

STUDY OBJECTIVES

e IDENTIFY AND EVALUATE CANDIDATIZ LOX/HC ENGINE CONFIGURATIONS
FOR THE ADVANCED SPACE TRANSFORTATION SYSTEM FOR AN EARLY
1995 IOC AND A LATE 2000 I0C

e SELECT ONE OPTIMUM ENGINE FOR EEACH TIME PERIOD
* PREPARE A CONCEPTUAL DESIGN FOR EACH CONFIGURATION
e DEVELOP A TECHNOLOGY PLAN FOR THE 2000 IOC ENGINE

e PREPARE PRELIMINARY PROGRAMMATIC PLANNING AND ANALYSIS FOR
THE 1995 I0C ENGINE

Rockwell International
Rocketdyne Division Fk-3
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STBE STUDY TO BE ACCOMPLISHED IN 5 TASKS

TWO ENGINE CONFIGURATIONS (1895 10C AND 2000 10C) TO BE STUDIED

SELECTED 1995 ENGINE

TASK 1

¢ IDENTIFICATION

— REQUIREMENTS
e STAS
* MSFC HLLV

— CANDIDATES
* THRUST RANGE
¢ CYCLES
* PROPELLANTS
* COOLANTS

— FEASIBILITY
¢ SCHEMATICS
* PERFORMANCE
¢ TECHNOLOGY
* JUDGEMENT

— ASSESSMENT
s PERFORMANCE
* LIFE CYCLE COSTS
¢ OPERABILITY

86D-9-454

Rockwell International
Rocketdyne Division

Y

* EVALUATION
— TRADE STUDIES

* THRUST CHAMBER

* INJECTOR

* TURBINE DRIVE

* TURBOMACHINERY

* CONTROL

* HEALTH MONITORING
« MATERIALS

* FACILITIES

— SUPPORTING STUDIES

*LCC

* RISK

* RELIABILITY

o MAINTAINABILITY
* TECHNOLOGY

* PERFORMANCE

TASK 3 V

* SELECTION

— EVALUATION PLAN
¢ WEIGHTING FACTORS
* FIGURES OF MERIT
¢ SENSITIVITY STUDIES
* JUDGEMENTS

.— SELECTION CRITERIA

s LCC

* RELIABILITY

* RISK

* MAINTAINABILITY

FK-5

TASK 4

— OPTIMIZATION
* SUBSYSTEM
AND COMPONENTS
¢ STRUCTURE AND
WEIGHT
* PERFORMANCE

— DRAWINGS
* LAYOUTS
* INTERFACE
o COMPONENT
DEFINITION
* LONG LEAD ITEMS

— SUPPORTING STUDIES
* FMEA
* RISK
¢ CHECKOUT, SERVIC-
ING, GSE, REFURB
* HAZARDS AND
SAFETY

* PROGRAMMATICS

— SCHEDULES
¢ OVERALL DDT&E
¢ SUPPORTING

— FACILITIES
e TEST
¢ MANUFACTURING
¢ ENGINEERING
* ASSEMBLY

— WBS AND DICTIONARY
¢ STAS FORMAT

— COST
* DDT&E
* PRODUCTION
¢ OPERATIONS
¢ FACILITIES

— ENVIRONMENTAL
IMPACT
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STBE PROGRAM SCHEDULE

Y e FV o)
wan [ senTmav] sun o€c | Jan | fes
L A\
TASK 1 IDENTIFICATION OF CANDIDATE STOE CONFIGUAATIONS t

MEVIEW PAST AND CURRENT VEHICL E/ENGINE STUDIES | ]
VEHICLE ARCHITECTURE STUDY INPUTS INASA PROVIDED!
CANDIDATE ENGINE CONFIGURATION STUDY (FOR 1996 ANO 2000 10C)
PREPARE ENGINE SCHEMATICS AND SALANCES

CANDIOATE ENGINES PERFORMANCE EVALUATION

COST RELIABILITY MAINTAINABILITY SAFETY TRADE STUDIES
ASSESSMENT AND RANKING

CANDIDATE ENGINES SELECTED (FOR 1996 AND 2000 OC)

FIRST PERFORMANCE REVIEW DOCUMENTATION SUBMITTED

FIRST PEAF ORMANCE REVIEW AT MSFC

TASK 2: EVALUATION OF CANDIDATE STRE CONFIGURATIONS

ENGINE PERFORMANCE PREDICTION
THRUST CHAMBER/INJECTOR TRADE STUDIES
TURBOMACHINEAY TRADE STUDIES
CONTROL SYSTEM AND HEAL TH MONITORING TRADE STUOIES
TURBINE DRIVE AND EXHAUST SYSTEM TRADE STUDIES
SUPPOR TING STUDIES

VEHICLE INTEGRATION AND DESIGN

MATERIALS

RELIABILITY SAFETY MAINTAINABILITY

COST ANALYSIS
ENGINE AND SUSSYSTEM DEFINITION (FOR 1908 AND 2000 10CH
SECOND PERFORMANCE REVIEW DOCUMENTATION SUBMITTED
SECOND PERFOAMANCE REVIEW AT MSFC

TASK 3: SELECYION OF STBE CONi

DEVELOP CONFIGURATION EVALUATION PLAN AND SELECTION _
CRITERIA DOCUMENT (DR §)

SUBMIT CRITERIA FOR TASK 1 SELECTIONS

SUBMIT DOCUMENT FOR NASA APPROVAL

SUBMIT DOCUMENT UPDATE FOR APPROVAL

ASSESS CANDIDATE CONFIGURATIONS (1888 AND 2000 10C) ©

SELECT OPTIMUM CONFIGURATION FOR 1995 AND 2000 1OC N

THIRD PERF OAMANCE REVIEW DOCUMENTATION SUBMITTED v .

THIRD PERF ORMANCE REVIEW AT MSFC

TASK 4: CONCEPTUAL DESIGN OF SELECTED CONFIGURATION '
ENGINE OF TIMIZA TION STUDIES ] *
THRUST CHAMBER/INJECTOR
TURBOMACHINERY L
CONTROL SYSTEM AND HEAL T MONITORING '
TURBINE ORIVE AND EXHAUST SYSTEM

STAUCTURAL AND WEIGHT [+ o |
PERFORMANCE | C
LAYOUT DRAWINGS AND LONG LEAD REQUIREMENTS [
CE) AND INTERFACE AEQUIREMENTS (FOR 1986 AND 2000 10C} m
CHECKOUT. SEAVICING, GSE. REFURBISHMENT REQUIREMENTS

TECHNICAL RISK ASSESSMENT r—ml
PRELIMINARY HAZARDS ANAL YSIS &

DESIGN DEFINITION DOCUMENT (DR &)

TASK §: PROGRAMMATIC ANALYSIS AND PLANNING (FOR 1996 10G) v

OEVELOP OVERAL L PROJECT SCHEDULE

DEVELOP WS AND DICTIONARY DR 51 J — |
wes PREL FINMLV | }
DICTIONARY _ 7 PREL (N4

OEFINE FACILITY REQUIREMENTS _ |

ENVIRONMENTAL IMPACT ANAL VSIS IDA 10} [o
SUBMIT ANALYSIS RESUL TS RELY ) Y 3

DEVELOP FSO AND LCC COST ESTIMATES (DR 8) -

"FINAL PERFORMANCE REVIEW DOCUMENTATION SUBMITTED qlA_w

FINAL PERFORMANCE REVIEW

TASK 6 _REPOATING
BIMONTHL Y PROGRESS REPOR TS (DR 31 v v v v v
v

STUDY PL AN UPDATE (DR 1) . v
PERFORMANCE REVIEW DOCUMENTATION (DR 2}
PEAFORMANCE REVIEWS q

86D-9-497A

FINAL STUDY REPORT (DR 4) rAeLV v

on.mz;:oz:::zo ( _ !z!
‘F’ mooria___:nw:.o:o:m_ . .
Rocketdyne Division FK-7
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STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
® INTRODUCTION .....coorecerecrsesnscssessscsssssssssssssessssssssastasesssssssesnsessesssseesnsenseesssessssnas F. KIRBY
v 0 TASK 1 SUMMARY .........cooerrcremrrnrnscaressenenes reerseesaet s ere st R aer st b s ansassesaeas A. WEISS
® TASK 2 STATUS REVIEW
o SUBSYSTEM OPTIMIZATION APPROACH ......oueureececneenseceeesnesssessesns A. WEISS
e TURBOMACHINERY STUDIES........otuimememeeneeeemeeesmsesseessessesssseseans A. EASTLAND
e COMBUSTION DEVICES STUDIES .......coourueeeernececnccnrenseseesersssssesses P. MEHEGAN
e THROTTLING ON-DESIGN/OFF-DESIGN STUDY .....crvreemcmermrnrnanne W. BISSELL
D. NGUYEN
e CONTROL SYSTEM AND HEALTH MONITOR STUDIES............... R. BREWSTER
o mc_s_«_>m< ereesessseRees R SR AR AR e R R e AR Re SRRttt e e se s e e etne et eneaessmnenn A. WEISS

86C-9-681-1

‘ ’ Rockwell
International

Rocketdyne Division

AuW-1 1609m/20
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TASK 1 — IDENTIFICATION OF

CANDIDATE STBE CONFIGURATIONS

INPUTS

VEHICLE FACTORS

ENGINE REQUIREMENTS

STUDIES

OUTPUTS

e THRUST
e LIFE
e THROTTLING
PROPELLANTS e TVC
e LOX/RP-1
e LOXIC3Hg
* LOXICHg4 COOLANTS
e FUELS
L PIM
CYCLES *LO2

¢ GAS GENERATOR

IDENTIFY CANDIDATE
ENGINE
CONFIGURATIONS

t Y

STAGED
esCOMBUSTION

DEVEILOP SCHEMATICS
AND OPTIMIZED
ENGINE BALANCES

1995 ENGINE CONFIGU-
RATIONS SELECTED
* 6 CONFIGURATIONS
* G.G. CYCLE
* FUEL AND LHj
COOLANTS

86D-9-456A

TECHNOLOGY LEVEL

s 1986
* 1990

%

GOALS

o LOW OPERATIONS
COST

* LONG LIFE

ASSESSMENT AND
RANKING

2000 ENGINE
CONFIGURATIONS
SELECTED
* 3 CONFIGURATIONS
* G.G CYCLE
e FUEL, LHp, LO>
COOLANTS

‘F’ Rockwell International

Rocketdyne Division

AW-3
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86D-9-805

N

SPACE TRANSPORTATION BOOSTER
ENGINE REQUIREMENTS

e NASA-MSFC SUPPLIED

RATED THRUST = 625K @ SL
¢ MAXIMUM THRUST = 750K (@ SL)

o ENGINE LIFE @ RATED THRUST

e 25 MISSIONS TO OVERHAUL
e 100 MISSIONS DESIGN LIFE

FUEL = T.B.D.

THROTTLE RANGE = + 0, -20%

BURN TIME = 160 SEC MAX

GIMBAL ANGLE = 6 DEGREE SQUARE PATTERN

CLOSED LOOP THRUST/MR CONTROL

¢ ROCKETDYNE DEVELOPED

e MAIN COMBUSTION CHAMBER PRESSURE OPTIMIZED

FOR MAXIMUM VACUUM ISP
e PUMP INLET PRESSURE SUFFICIENT TO NOT REQUIRE

BOOST PUMPS

Rockwell International . AW-5

Rocketdyne Division
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86D-9-807

CANDIDATE ENGINES FOR TASK 1
STUDY IDENTIFIED

o 24 CANDIDATES CONSIDERED

® 12 TO SUPPORT A 1995 LAUNCH DATE
® 12 TO SUPPORT A 2000 LAUNCH DATE

® 5 OF 24 CANDIDATES REJECTED DUE TO LACK OF FEASIBILITY OR ADVANTAGE

® 2 THRUST LEVELS EVALUATED FOR 1995 CANDIDATES
® 750K AND 1500K

e 1500K FOR REFERENCE ONLY — NOT USED IN SCREENING PROCESS

‘F’ Rockwell International

Rocketdyne Division AW-7
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CANDIDATE STBE CONFIGURATIONS FOR TASK 1

. ENGINE | SEA LEVEL 1.0.C. INJECTOR TURBINE
NUMBER | THRUST | CYCLE| DATE | PROPELLANTS | COOLANT | ODRIVE* COMMENT
v | sk e | 1995 | roxsme-r RP-1 | Lox/RP-1
2 | 1s0¢ |ee. | 1995 | rowc ¢, |towe |} FuEL cooted G
3| sk fec | e | rowew, o, | rowse,
a | 150« |66 | 1995 | woxsme-1 w, |Lonm,
5 | 70k |G | 199 | roxc w, | Loww, LH, COOLED GG
6 | sk fec | 1w | Lowew, H, | Lov,
1 sk s | e | Lowsew, o, | Lowen, FUEL COOLED SC
8 {1500k |GG | 1995 | vox/me-1 RP-1 | LOX/RP-1
9 lisook fe.e | 1995 | roweh CHy | Loxe | | HIGHER ThRusT
0 |0k |G | 195 | woxew, o, | rowen,
1 750K G.G. 2000 LOX/RP-1 _.ON LOX/RP-1
2 | sk |ee | 2000 | towep to, |towem | i Lox cooed Go
3 | sk fee | 2000 | Lowe, o, | roxen,
1 [ o1sk | s | 2000 | rowsc to, | toxe | | Lox cooted sc
5 | msoc | sc. | 2000 [ owon, to, | towed,
6 | sk fs.co | 2000 | Lowe ¢, [towvem | | FuEL coote sc urn
v | s fs.co | 2000 | wowen, ci, | rowek, MIXED PREBURNERS
8 | sk [ | 2000 | roxme-in, |, | ok, |
m 9 | 1ok |GG | 2000 Lox/C o/, | W, Lox/L, TRIPROPELLANT
P
. m * FUEL-RICH UNLESS OTHERWISE NOTED IN COMMENTS

Rockwell International
Rocketdyne Division AW-9

Y
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SUMMARY OF TECHNICAL. ENGINE DATA

*SINCE THEF-1 HAS 1500 KLBS S.L. THRUST, BUT THE STBE ENCINES SHOWN HERE ALL HAVE 750 KLBS S.L.

86D-9-780

'

‘F’ Rockwell International

Rocketdyne Division

THRUST, THE F-1 ENGINE WEIGHT WAS HALVED TO EE COMPARABLE.

"PROPELLANT PROBABITY
ENGINE VACUUM WEIGHT, BULK DENSITY, COMPLEXITY OF TECHNICAL
NUMBER isp, SEC w,LB P p LB/FT3 FACTOR SUCCESS LEVEL
1995 ENGINE CANDIDATES
| REFERENCE 304.5 9308x2* 63.3 14 1.00 9
| 1 329.2 8000 63.3 13 .95 6
| 2 344.7 8090 61.6 16 .75 2
7 3 350.0 8370 50.0 16 .95 3
| 4 344.7 7800 56.4 16 .95 6
| 5 353.5 7760 56.1 16 75 3
W 6 355.2 7810 46.9 17 .95 3
| 7 362.7 10400 51.0 21 90 5
,
| 2000 ENGINE CANDIDATES
1 343.1 7880 63.4 13 .85 4
12 350.2 8360 61.7 16 .75 3
13 355.3 8490 50.4 16 .85 4
14 360.2 10250 62.5 23 .70 2
15 369.5 10860 51.6 23 .85 5
16 368.9 12760 62.5 26 .70 2
17 376.8 13400 51.6 26 75 4
18 360.5 7910 52.1 20 .65 1
19 365.8 7880 51.0 20 .65 1
|
|
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SUMMARY OF ENGINE COST DATA — FY 86 $

SEA LEVEL CHAMBER PRODUCTION COST DEVEL- CERTIFI- OPERATIONS
Wzmmzm THRUST FRESSURE 71 (1) TOTAL-48 OPMENT CATION & SUPPORT ENGINE
INUMBER KLBS CYCLE PROPELLANTS COOLANT FSIA M $B COST ¢B COST $B COST $B LCC $B
1995 ENGINEE CANDIDATES
REF. 1500 GAS GEN LOX/RP-1 RP-1 1000 $15.5 $0.260 $0.100 $0.047 $1.471 $1.878
1 750 GAS GEN LOX/RP-1 RP-1 2350 11.9 0.370 0.907 0.089 0.994 2.360
2 730 GAS GEN LOX/C3HB8 C3H8 410 16.2 0.504 1.234 0.122 1.218 3.078
3 750 GAS GEN LOX/CH4 CH4 3500 19.3 0.600 1.468 0.145 1.379 3.592
4 730 GAS GEN LOX/RP-1 LH2 3120 14.7 0.456 1.340 0.110 1.138 3.044
= 750 GAS GEN LOX/C3HB LH2 3120 18.9 0.586 1.7%7 0.141 1.355 3.799
] 730 GAS GEN LOX/CH4 LH2 2630 21.6 0.672 1.987 0.162 1.499 4.320
7 750 STG COMB LOX/CH4 CH4 3040 24.7 0.768 1.881 0.185 1.660 4.494
2000 ENGINE CANDIDATES
11 750 GAS GEN LOX/RP-1 L02 3380 13.3 0.413 1.011 0.100 1.066 2.589
12 750 GAS GEN LOX/C3HB Lo2 3850 16.5 0.514 1.258 0.124 1.234 3.130
13 750 GAS GEN LOX/CH4 LO2 3770 19.3 0.600 1.468 0.143 1.379 3.592
14 750 STG COMB LOX/C3H8 Lo2 3460 20.9 0.648 1.585 0.156 1.459 3.848
15 750 STG COMB LOX/CH4 Lo2 3700 25.5 0.792 1.573 0.191 1.700 4,256
16 750 STG COMB LOX/C3HB C3H8 6420 23.5 0.730 1.782 0.176 1.595 4.283
17 750 STG COMB LOX/CHA4 CH4 6120 27.8 0.864 2.115 0.209 1.821 5.009
18 750 GAS BEN LOX/RP-1/LH2 LH2 4000 15.5 0.480 1.406 0.116 1.178 3.180
19 750 GAS GEN LOX/C3HB8/LHZ LHZ2 4000 19.3 0. 600 1.761 0.145 1.379 3.885
<
N
(2o
T
{
o
©
«©
‘F’ Rockwell International
Rocketdyne Division
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SUMMARY OF VEHICLE LIFE CYCI.E COST ELEMENTS —

FY 86 $B

TOTAL |
LIFE CYCLE |
ENGINE SPECIFIC WEIGHT LCC RELIABILITY DENSITY RISK COosT |
NUMBER IMPUL.SE IMFACT W
. 1995 ENGINE CANDIDATES ”
|
REF. |
1 ($0.864) ($0.562) $0.482 ($0.043) $0.000 $0.005 ($0.983) |

2 (1.407) (0.524) 1.200 0.067 0.088 Q.216 (0. 359)

3 (1.593) (0.403) 1.714 0.122 0.692 0.037 0.568

4 (1.407) (0.648) 1.166 0,040 0.359 0.007 (0. 484)

S (1.71%5) (0, 666) 1.921 0.114 0.426 0.215 0,295

) {(1.774) (0.644) 2.442 0,185 0.853 0. 050 1.111

7 (2.037) 0.470 2.616 0,363 0.640 0.038 2.089

2000 ENGINE CANDIDATES

11 (1.351) (0.614) 0.711 (0.022) (0.0035) 0.0435 (1.235)

12 (1.599) (0.408) 1,252 0.073 0.083 0.157 (0.442)

13 (1.778) (0.352) 1.714 0.122 0.671 0,046 0.443

14 (1.949) 0.405 1.970 0,332 0.042 Q.33 1.133

15 (2.279) 0.667 2.378 0.454 0,608 0.047 1.880

16 (2.254) 1.484 2.405 0.195 0.042 Q.374 2.246

17 (2.531) 1.760 3.131 0.6592 0.608 0.159 3.779

18 (1.960) {(0.601) 1.302 0.125 0.582 0.492 (0.060)

19 (2.146) (0.614) 2.007 0,211 0.640 0.616 0.714

‘F’ Rockwell International
Rocketdyne Division AW-15
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86D-9-785A

Y

TASK | ENGINES SELECTED

TOTAL
LIFE CYCLE
ENGINE CosT
RANE. NUMEER IMFACT CYCLE FPROFELLANTS COOLANT
ENGINE CANDILATES
1 1 ($0.983) 6AS GENERATOFR LOX/RF-1 RFP-1
2 4 (%0.484) GAS GENERATOF LOX/RF-1 LH2
3 2 ($0.359) GAS GENERATOF LOX/7C3HB C=HB
4 S $0.295 GAS GENERATOF: LOX/CEHB LHZ
S 3 $0.568 GAS GENERATOF L.OX/7CH4 CH4
6 & $1.111 GAS GENERATOF: LOX/CHA LH2
ENGINE CANDILIATES
1 11 ($1.235) GAS GENERATOF: LOX/RF~-1 Lo2
2 12 ($0.442) GAS GENERATOF: LOX/C3H8 Loz
3 18 ($0.060) GAS GENERATOF: LOX/RF-1/LH2 LH2

Rockwell International
Rocketdyne Division

AW-17
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STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
© INTRODUCTION ......oornterinnenrensenensasssssssessssssssssssasssst sestsssssssssnssssesssnsessssaseassassaneanes F. KIRBY
® TASK 1 SUMMARY ........oureiretesenssnssssissssesstasessssssssssssssssessssssssssssssasssessanes A. WEISS
® TASK 2 STATUS REVIEW

v« SUBSYSTEM OPTIMIZATION APPFROACH

............................................. A. WEISS
e TURBOMACHINERY STUDIES

A. EASTLAND

e COMBUSTION DEVICES STUDIES............. leessessecsersaratrereesnnranananennncs P. MEHEGAN
e THROTTLING ON-DESIGN/OFF-DESIGN STUDY ....ccocooteriremeeeccreereens W. BISSELL
D. NGUYEN
e CONTROL SYSTEM AND HEALTH MONITOR STUDIES.............. R. BREWSTER
@ SUMMARY ......cooiiciteteeeeeeectccetttrereenseesesesssieessssssssssssssscassssnnnnsssssssssessenssssssssessenne A. WEISS
Rockwell
International

Rocketdyne Division
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TASK 2 — EVALUATION OF
CANDIDATE STBE CONFIGURATIONS

® OBJECTIVES

® CONDUCT SYSTEM AND SUBSYSTEM TRALE STUDIES TO DEFINE FEATURES
WHICH OPTIMIZE THE SELECTED CANDIDATE ENGINES

* THRUST CHAMBER ASSEMBLY
® TURBOMACHINERY
®* CONTROL AND HEALTH MONITORING SYSTEM

® CONDUCT SUPPORTING STUDIES TO PROVIDE BASIS FOR SELECTION

e LCC

* RISK

* HAZARDS

* FMEA

* FACILITIES

e VEHICLE COMPATIBILITY

* OPERATIONAL FLEXIBILITY
e TECHNOLOGY STATUS

86D-9-466B

‘F’ Rockwell International

Rocketdyne Division AW-21
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TASK 2 — EVALUATION OF CANDIDATE STBE
CONFIGURATIONS FLOW

INPUTS FROM
TASK 1

REVISED TASK 2
GROUND RULES

SELECTED ENGINE
CONFIGURATIONS

® 8 NEAR TERM
® 3FAR TERM

BASELINE ENGINE
PARAMETERS

® BALANCES
® SCHEMATICS
® TURBOMACHINERY

INJECTOR
VEHICLE FACTORS
® ALCC/AlsgnGg
® ALCC/AWENG
® ALCC/ADEN

.

® THRUST CHAMBER/

®
86D-9-1982

VEHICLE REQUIREMENTS

¢ THRUST

¢ THROTTLING

® PUMP INLET PRESSURE
ENGINE REQUIREMENTS

©® DESIGN FOR MINIMUM RISK

® CLOSE LOOP THRUST AND
MIXTURE RATIO CONTROL SYSTEM

¢ OPTIMUM HEALTH MONITORING
SYSTEM

¢ OPTIMUM TURBOMACHINERY

¢ OPTIMUM THRUST CHAMBER/
INJECTOR ASSEMBLY

VEHICLE FACTORS

® UPDATED BASED ON STAS
CONTRACTORS INPUTS

DIAGRAM

SUBSYSTEM
COMPONENT SCREENING
TRADE STUD ES CRITERIA
TURROPUMP TURBOPUMP

® NUMBER OF SH.\FTS
& NUMBER OF ST/\GES
~»| © KICK PUMPS

® BOOST PUMPS

¢ TURBINE TYPE

® THROTTLING EI FECT

A 4

® ALCC (PERF)

® ALCC (WEIGHT)
e ALCC (COST)

® ALCCygH (RISK)
TOTAL ALCC
RANK AND SELECT

MCC/INJECTOR

¢ MCC LENGTH
® CODLANT AP

® INJECTOR ORIFICES —

‘F’ Rockwell International

Rocketdyne Division

4

NUMBER AND SI.ZE
® CONTRACTION IATIO

\ 4

MCC/INJECTOR
® ALCC (PERF)
® ALCC (WEIGHT)
e AlLCC (COST)
® ALCCyEgH (RISK)

OUTPUT FROM
TASK 2

ENGINES
OPTIMIZATION

o COMPONENTS

® VALVE TYPES

& ACTUATOR TYPL'S

-] ® START TYPES

® CONTROL MEDHIM

¢ THROTTLING EFFECT
® SENSORS

® SOIFTWARE

A 4

© MATERIALS TOTAL ALCcC
® THROTTLING EFFECT RANK AND SELECT
CONTROLS AND HIIALTH

MONITORING CONTROLS

® ALCC (PERF)

® ALCC (WEIGHT)
® ALCC (COST)

¢ ALCCygp (RISK)
TOTAL ALCC
RANK AND SELECT

AW-2:

¢ PARAMETERS

OPTIMIZED
ENGINE
CONFIGURATION
DEFINED
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PARALLEL

STBE SYSTEMS ANALYSES APPROACH

—> ® CONDUCT SUBSYSTEM TRADE STUDIES USING 750 kib THRUST FIXED
DESIGN POINT ENGINE BALANCES AS BASELINE

EFFORT ® TURBOMACHINERY

86D-9-1980

¢ COMBUSTION DEVICES
—> ® DEVELOP THROTTLING CONFIGURATION FOR EACH ENGINE CANDIDATE

® GENERATE ENGINE BALANCIES FOR THE THROTTLING CONFIGURATIONS
AT 750 klb THRUST OPERATING POINT

® USE OFF-DESIGN COMPUTER MODEL TO PREDICT ENGINE PERFOR-
MANCE AT 625 klb THRUST OPERAT NG POINT

® DEFINE CONTROL SYSTEM REQUIRIEMENTS BASED ON ENGINE BAL-
ANCES AND VALVE SENSITIVITY STUDY

® REEVALUATE SELECTED SUBSYSTEMS FOR THROTTLING CONFIGURATION

® GENERATE NEW ENGINE BALANCES FCR THE OPTIMIZED THROTTLING
CONFIGURATION ENGINES

‘F’ Rockwell International

Rocketdyne Division AW-25 8-31-1
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86D-9-1973

TASK 2 — SYSTEM ANALYSE'S FLOW DIAGRAM

FIXED DESIGN POINT ANALYSIS THROTTLING ENGINE DESIGN ANALYSIS

THROTTLING IENGINE
® PRELIMINAFY COMPONENT DEFINITIONS

® DESIGN POINT BALANCES

750K ENGINE
¢ THRUST CHAMBER
® TURBOMACHINERY

! o ¢

THROTTLING ENGINE
EVALUATION SENSITIVITY/OFF-DESIGN STUDY
REEVALUATE FIXED POINT CONTROL ANALYSIS
DESIGN AGAINST THROTTLING ® CONTROIL VALVE REQUIREMENTS
DESIGN ¢ ENGINE THROTTLEABILITY

&

' '

~ VALVE AND ACTUATOR mm&ﬁ_ﬁwmwmqmz CANDIDATE
CANDIDATES e HEALTH MONITORING
e DEFINITIONS e CONTROLLER
® DESIGN PARAMETERS e INSTRUMENTATION

'

VEHICLE LCC IMPACT >Z>_.<mm|ml_A
r J

¥

" GEMNERATE OPTIMIZED
ENGINE BALANCES

}

TASK 3

‘F’ Rockwell International
AW-27

Rocketdyne Division
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LH, COOLED ENGINE Q_u"Oczcmc_.m CHANGES

PARAMETER/COMPONENT

CHANGE

REASON

EFFECT

UPPER P LIMIT
LHp PUMP STAGES
PUMP STAGE HEAD

COEFFICIENT

HYDROSTATIC BEARINGS

CHANGED TO LHp PUMP
TIP SPEED LIMIT

NEAR-TERM LIMIT INCREASEL
TO3

UPPER LIMIT OF 0.55 ADDED

ELIMINATED AS NEAR-TERM
CANDIDATE

IMPIOVED PERFORMANCE
CONSISTENCY WITH SSME
THEOTTLEABLITY AND

DESIGN MARGIN

DEVELOPMENT TIME

INCREASED P,

INCREASED P, FOR
NEAR-TERM

DECREASED P,

FOR NEAR-TERM,

INCREASED LHy w
AND LH2 TURBO-

PUMP WEIGHT

®
86C-9-677

‘ Rockwell
International

Rocketdyne Division

NET IMPACT OF GROUMD RULE SHANGES
o P INCREASED 35-60%

®isp INCREASED 4—6 SECONLCS

AW-26
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86D-9-1984

STBE FIXED POINT DESIGN CHARACTERISTICS

(1995 ENGINES)

CATEGORY FUEL-COOLED LH2-COOLED
ENGINE NUMBER 1 2 3 4 5 6
THRUST (kIb) 750 750 750 750 750 750
CYCLE GG GG GG GG GG GG
PROPELLANTS LOX/RP-1 [ LOX/C3H8 | LOX/CIH4 | LOX/RP-1 { LOX/C3HS8 LOX/CH4
COOLANT RP-1 C3H8 CH4 LH2 LH2 LH2
TURBINE DRIVE GAS | LOX/RP-1 | LOX/C3H8 | LOX/CH4 | LOX/LH2 LOX/LH2 |[LOX/LH2
TURBINE GAS TYPE |F.R. F.R. F.R. F.R. F.R. F.R.
CHAMBER PRES (psia) | 2350 3407 3495 4165 4170 4200
SPECIFIC IMPULSE (s) :

VACUUM 329.2 344.7 350.0 348.6 357.4 361.4

SEA LEVEL 284.6 302.6 308.1 309.0 316.7 320.8
LOX PUMP Pd (psia) | 2996 4344 4456 5310 5317 5355
FUEL PUMP Pd (psia) | 3476/6943 | 4770/6306 | 4866/6135 | 5477 5484 5523
LH2 PUMP Pd Avm,mv DNA DNA DNA 6575 6584 6640
WEIGHT (Ib) 7669 7794 8074 7719 7715 7957
LENGTH (in.) 163 152 150 147 147 146
DIAMETER (in.) 101 95 94 91 91 91
NOZZLE ¢ 429 56.9 57.1 64.3 64.9 64.6

F.R. = FUEL RICH

o\

Rockwell international
Rocketdyne Division

AW-31

10-42-1
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86D-9-1983

o\

STBE FIXED POINT DESIGN CHARACTERISTICS

(2000 ENGINES)
CATEGORY LOX-COOLED LH2-COOLED

ENGINE NUMBER 11 12 18
THRUST (kib) 750 750 750
CYCLE GG GG GG
PROPELLANTS | LOX/RP-1| LOX/Z3H8 | LOX/RP-1/LH2
COOLANT LOX LOX LH2
TURBINE DRIVE GAS | LOX/RP-1| LOX/23H8 | LOX/LH2
TURBINE GAS TYPE | F.R. F.R. F.R.
CHAMBER PRES (psia) | 3380 3850 5760
SPECIFIC IMPULSE (s)

VACUUM 3431 350.2 366.2

SEA LEVEL 301.1 308.8 328.4
LOX PUMP Pd (psia) | 4503/6210{ 5170/7476 | 7344
FUEL PUMP Pd (psia) | 4449 5068 7574
LH2 PUMP Pd (psia) DNA DNA 9745
WEIGHT (lb) 7528 8002 8388
LENGTH (in.) 152 149 137
DIAMETER (in.) 95 93 86
NOZZLE ¢ 56.7 62.8 82.2

F.R. = FUEL RICH

Rockwell International
Rocketdyne Division

AW-33

10-47-1



re-Mv




STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
® INTRODUCTION .......ccoctiiurrceninrannissninsnneesanneneecnnessnns ssassscsssentenentsestseseseseenasasesans F. KIRBY
® TASK 1 SUMMARY .......cooiieirieiinnisiarecsnenesniserenssssssisssessesssssssssessssssssessnssnsensennes A. WEISS
e TASK 2 STATUS REVIEW
e SUBSYSTEM OPTIMIZATION APPROACH... ..cccooevereereerenresneseseneenenens A. WEISS
v ¢ TURBOMACHINERY STUDIES.........oocmeememrereeeeseeseeseeseeseeesoeeeseeone A. EASTLAND
e COMBUSTION DEVICES STUDIES ................ S P. MEHEGAN
* THROTTLING ON-DESIGN/OFF-DESIGN STUDY .....cccoeeveernmrcrrenranee W. BISSELL
D. NGUYEN
e CONTROL SYSTEM AND HEALTH MONITOR STUDIES.............. R. BREWSTER
® SUMMARY ...ttt sttt csnsenne e saeesass e s ssesaessnessessessnsssasessessmessnennns A. WEISS

86C-9-681-4
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nternationa 1609m/23
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86C-9-533

‘F‘ Rockwell International
Divisioi

Rocketdyne Division

TURBOMACHINERY AGENDA

e INTRODUCTION
e APPROACH LOGIC
e REQUIREMENTS

® GROUND RULES

" TURBOMACHINERY CANDIDATES

e FINAL SELECTION APFROACH

TE-3 1609m/9
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86C-9-534

‘F’ Rockwell International

Rocketdyne Division

STBE TURBOMACHINERY STUDIES

e OBJECTIVE

e SELECT OPTIMUM TURBOMACIHINERY FOR
THE NINE CANDIDATE ENGINES,

e APPROACH

e IDENTIFY CANDIDATE TURBOMACHINERY
SYSTEMS FOR EACH ENGINE

e RECOMMEND PROMISING SYSTEMS THROUGH
ENGINEERING SCREENING PRCCESS

e SELECT OPTIMUM CONFIGURATION FOR EACH
ENGINE THROUGH LIFE CYCLE COST ANALYSIS

e STATUS

e SCREENING COMPLETE FOR FOUR
ENGINES (1, 3, 4, 6)

TE-5

1609m/8
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TURBOMACHINERY SELECTION APPROACH

ENGINE BALANCE ENGINE BALANCE |
FLOW TIN |
PIn PIN
Pout PR
TURBINE
PUMP SIZING SIZING LIFE
E
e A WP L W R R B B VP IS Lol AN L
I | SCREENING
WEIGHT SCREENING ENVELOPE ANALysis| | | MACHINERY
COMPLEXITY COMPLEXITY
RISK
TURBINE
PUMP EVALUATE
CONFIGURATIONS . ARRANGEMENTS THROTTLING
N_Wqu DUAL CONFIGURATION
KICK SEPARATE H, REQUIREMENTS
. STAGING
I[
[Te}
™
L0
o
O
(o]
o0}

‘F’ Rockwell International
TE-7
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TURBOMACHINERY REQUIREMENTS FOR
SELECTED ENGINES

‘F’ Rockwell International

Rocketdyne Division

TE-9

*TWO DELIVERY PRESSURES REQUIRED FOR THE TWO COOLANT CIFICUITS (NOZZLE AND JACKET)

ENGINE PUMP TURBINE | |
INLET DISCHARGE INLET OVERALL
ENGINE FLOWRATE, | PRESSURI:, | PRESSURE, | PRESSURE | PRESSURE
NO. FUEL | COOLANT | PUMP | GPM @ 750K PSI PSI PSI RATIO
1 RP-1 RP-1 LOX 11797 65 2996 2338 20
RP-1 6857 45 3475, 6943
2 C3Hg C3Hg LOX 11351 65 4344 20
C3Hg 6680 45 4470, 6305* 3390
3 CHy CH, LOX 11514 65 4456 20
CHy 10320 45 4865, 6195* 3477
4 RP-1 LH, LOX 11139 65 5310 4144 20
LH, 3179 25 6574
RP-1 5644 45 5477
5 C3Hg LH, LOX 11146 65 5316 4144 20
LH, 3232 25 6583
C3Hg 5597 45 5483
6 CH, LH, LOX 11296 65 5355 4179 20
LH, 3910 25 6640
~ CHy 8629 45 5523
11 RP-1 LOX LOX 11183 65 4503 3350 20
RP-1 6438 a5 4448, 6210
12 CHg LOX LOX 11188 65 5710 3835 20
C3Hg 6441 45 5068, 7476*
o 18 RP-1 LH, LOX 10873 65 5100 3905 20
3 LH, 4101 25 6267
o RP1 5214 45 5260
Q
©0
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PHILOSOPHY FOR
COMPONENT SIZING

® RESULTS FROM IN-HOUSE STUDIES USED TO
ESTABLISH PRIMARY CANDIDATES

e TYPICAL TURBOMACHINERY DUCTING LOSSES
INCLUDED

e HYDRODYNAMIC AND AERODYMAMIC DESIGN

PARAMETERS (¢, ¥, u/Cq,ETC)
SET WITHIN DEMONSTRATED LIMITS

e STRUCTURAL /MECHANICAL LINITS SET BY
SPECIFIED TECHNOLOGY LEVEI.S

e LH» TURBOPUMPS ALWAYS ON
SEPARATE SHAFT DUE TO HIGH SPEED

6C-9-537

®
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HYDRAULIC FLOW CIRCUIT
@ CONFIGURATION

M MAIN ONLY

|~
MAIN + KICK
BOOST + MAIN

BOOST + MAIN + KICK

6C-9-538
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GROUND RULES FOR PUMP
o CONFIGURATION SIZING

e FULL FLOW HYDRAULIC TURBINES USED FOR BOOST
PUMP DRIVES

o PERFORMANCE ADVANTAGE OVER RECIRCULATORY
FLOW HYDRAULIC TURBINES

e SIZE AND PERFORMANCE ADVANTAGE OVER
GAS TURBINES

¢ BOOST PUMPS DRIVEN FROM KICK PUMP DISCHARGE
NOT INCLUDED

e NO PERFORMANCE ADVANTAGE

e HIGH PRESSURE BOOST PUMP TURBINE AND
DUCTING

e INDUCER ONLY BOOST PUMPS
e OPTIMUM PERFORMANCE
e REDUCED COMPLEXITY

o INDUCERS UPSTREAM OF THE FIRST STAGE
OF ALL MAIN PUMPS

e MINIMUM SIZE FOR REQUIRED L FE

86C-9-539

‘F Rockwell International

Rocketdyne Division .—.Ml .— _w A mowa \ m
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GROUNDRULES FOR PUMP SIZING

HYDRODYNAMIC DESIGN PARAMETERS

MAXIMUM IMPELLER EYE-TO-TIP DIAMETER RATIO

0.4570 0.55 FUEL, LH,
0.75

GROUNDRULE VALUE RATIONALE
NPSH MARGIN FOR BOOST PUMP OR MAIN PUMP ALONE | 20%
DEMONSTRATED
NPSH MARGIN FOR MAIN PUMP FOLLOWING 100% | VALUES WITH NO
BOOST PUMP LIFE LIMITATION
DUE TO CAVITATION
MAXIMUM SUCTION SPECIFIC SPEED FOR 5000
IMPELLER FOLLOWING INDUCER
INDUCER FLOW COEFFICIENT 0.057100.3
) DEMONSTRATED
IMPELLER FLOW COEFFICIENT 0.14 70 0.36 EEFICIENT OPERA.
. TION AND GOOD
INDUCER HEAD COEFFICIENT 0.15 70 0.20 SUCTION PERFOR.
IMPELLER HEAD COEFFICIENT 0.4 T0 0.5 LOX MANCE

LIMIT FOR
EFFICIENT
IMPELLER
OPERATION

6C-9-540
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m GROUNDRULES FOR PUMP SIZING
@ STRUCTURAL/MECHANICAL CONSTRAINTS

TECHNOLOGY LEVELS

GROUNDRULE CURRENT 1990 | RATIONALE | EXPERIENCE IMPROVEMENT
MAXIMUM IMPELLER TIP SPEED,
FT/SEC — LOX 900 945 | STRUCTURAL/ SSME MATERIAL PROPERTIES
RP-1 1020 1070 | PERFORN ANCE
LC3Hg(SC) 1230 1290
LCHy4 1490 1565
LH, 2000 2100 | DISK BURST SSME MATERIAL PROPERTIES
MAXIMUM INDUCER TIP SPEED,
FT/SEC — LOX 500 525 SUCTION PER- SSME MATERIAL PROPERTIES
RP-1 565 595 | FORMANCE/
LC3Hg(SC) 685 715 | STRUCTURAL
LCH, 830 870 | INTEGRITY
LH, 1110 1165
MINIMUM ROLLING ELEMENT 20 20 | BEARINGWEAR | MARK 48

BEARING SIiZE, MM

MAXIMUM BEARING DN,
mm RPM, D 30 mm 2 x 108 5x 106 | BEARING WEAR MARK 29F | HYDROSTATIC

D 30mm 1.5x 108 5 x 106 MARK 49 ELEMENTS/LOAD
SHARING DEVICES

6C-9-541
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HOT GAS FLOW CIRCUIT OPTIONS
® PROPELLANT COOLED ENGINES

SERIES
A GG

/1

(o

DUAL SHAFT /11

SINGLE SHAFT

e NO ADVANTAGE TO
/T2 PARALLEL TURBINES

86C-9-542
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SERIES

()

SINGLE
SHAFT
<+

HYDROGEN »

HYDROGEN

ALY

‘ ' Rockwell
International

Rocketdyne Division
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HOT GAS FLOW CIRCUIT OPTIONS

HYDROGEN COOLED IENGINES
PARALLEL

@)
B &

!

TE-23
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GROUNDRULES FOR MAIN TURBINE
CONFIGURATION SIZING

e SERIES TURBINES USED FOR DUAL SHAFT
CONFIGURATIONS IN PROPELLANT COOLED
ENGINES

e SYSTEM STUDY SHOWED IMFROVED
PERFORMANCE OVER PARALLEL
CONFIGURATION

e HIGHER SPEED TURBINE PLACED FIRST
IN SERIES CONFIGURATIONS

e SMALLER DIAMETER FOR GIVEN BLADE SPEED
e REDUCED LIKELIHOOD OF PARTIAL ADMISSION

86C-9-544
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GROUNDRULES FOR TUFBINE SIZING
AERODYNAMIC DESIGN PARAMETERS

GROUNDRULE

VAL UE

RATIONALE

TARGET OUTLET FLOW ANGLE

MINIMUM ARC OF ADMISSION

TARGET U/Co VALUES — 2RVC
2SPC
1S

-20 TO 0 DEG (AXIAL)
10%
0.2T00.25

0.25TO 0.3
0.40

MINIMIZE EXIT WHIRL

MINIMIZE PARTIAL
ADMISSION LOSSES
REDUCE BLADE LOADING

DEMONSTRATED OPTIMUM
EFFICIENCY RANGE

86C-9-545
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® DEFINITION OF TURBINE TYPES

DIRECTION
OF MOTION

))-

|
NOZZLE INOZZLE

, / \

A

/A

!

D)) 5
D))

)

—
— e
———

——— L

w _> B /
o DIRECTION
w 2 | wh\ OF MOTION ~ STATIONARY ROW
o« a N o«
= w ! = —
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GROUNDRULES FOR MAIN TURBINE SIZING
MECHANICAL/STRUCTURAL CONSTRAINTS

TECHNOLOGY LEVEL

GROUNDRULE CURRENT 1990 RATIONAIE EXPERIENCE IMPROVEMENTS
MAXIMUM INLET 2000 2250 FATIGUE LIFE SSME MATERIAL PROPERTIES
TEMPERATURE, DEG R*

MAXIMUM MEAN BLADE 1650 1750 ULTIMATE STRENGTH SSME MATERIAL PROPERTIES
SPEED, FT/SEC
MAXIMUM SPEED SQUARED 8 x ._cdo 9.6 x 38 ULTIMATE STRENGTH SSME MATERIAL PROPERTIES
X ANNULUS AREA
(RPM-INCH)?2
BLADE HEIGHT TO MEAN
DIAMETER RATIO
MIN .03 .03 FABRICATION SSME
MAX .20 .20 SKIN FRICTION SMALL PUMP
LOSSES PROGRAMS
FATIGUE LIFE

86C-9-547

*NO TEMPERATURE SPIKES

‘F’ Rockwell International

Rocketdyne Division

TE-31




\

2e-3l

“L 3INION3
404 9NINIIYIS OINIYIINIONI 3JHL 40 SLINS3IY IHL INISIUd SLYVHI LHOII LX3N 3HL

SILVAIANYD AYINIHIVWOBYNL

037000 ‘L-d¥/X01-L 3INIONI




TURBOMACHINERY CANDIDATES

ENGINE 1 - LOX/RP-1,
RP-1 COOLED

6C-9-548
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PUMPS FOR ENGINE 1 - LOX/FP-1, RP-1 COOLED
DUAL SHAFT CONFIGURATIONS

SYSTEM RP PUMP LOX PUMP
IDENTIFIER | CONFIGURATION | CONFIGURATION CONCLUSIONS
MAIN DELETED
e TWC() STAGE MAIN PUMP REQUIRED
BOOST DELETED
+ ® TWO STAGE MAIN PUMP REQUIRED
MAIN
1A MAIN MAIN CARRIEI) FORWARD
+ e MINIMUM POWER
KICK
1B MAIN BOOST CARRIE!I) FORWARD
+ + e MINIMUM DIAMETER
KICK MAIN .
BOOST DELETE)
+ e PERFORMANCE IMPROVEMENTS INSUFFICIENT
MAIN TO OFESET INCREASED COMPLEXITY
+
KICK
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PUMPS FOR ENGINE 1-LOX/RP-1, RP-1 COOLED

SINGLE SHAFT CONFIGURATIONS

SYSTEM RP PUMP LOX PUMP
IDENTIFIER | CONFIGURATION | CONFIGURATION CONCLUSIONS
MAIN DELETED
e_TWQ STAGE MAIN PUMP REQUIRED
BOOST DELETED
+ e TWO STAGE MAIN PUMP REQUIRED
MAIN
1C MAIN MAIN CARRIEC' FORWARD
+ e MINIMUM POWER, WEIGHT, COMPLEXITY
KICK
1D MAIN BOOST CARRIEL) FORWARD
+ + ® HIGHER SPEED WITH MEDIUM COMPLEXITY
KICK MAIN
BOOST MAIN DELETED
+ e NO ADVANTAGE OVER SYSTEM 1A
MAIN e SPEED CONTROLLED BY LOX PUMP
+
KICK
BOOST BOOST CARRIEL) FORWARD
o + + e MAXIMUM SPEED
r 1E MAIN MAIN
o +
o) KICK
(o]
0
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TURBOMACHINERY FOR ENGINE 1-ILOX/RP-1, RP-1 COOLED
® SUMMARY OF CANCIDATES

MAIN TURBOPUMP
TUREINE SYSTEM | MAXIMUM
SYSTEM RP PUMP LOX PUMP FLOWIRRATE | WEIGHT | DIAMETER | COMPLEXITY*
IDENTIFIER CONFIG. CONFIG. ARRANGEMENT LB/SEC LB INCH FACTOR
1A MAIN MAIN DUAL 125 1950 24.2 10
+
KICK
1B MAIN BOOST DUAL . 129 2076 20.2 13
+ +
KICK MAIN
1C MAIN MAIN SINGLE 139 1749 28.0 7
+
KICK
1D MAIN BOOST SINGLE 141 1925 26.5 10
+ +
KICK MAIN
1E BOOST BOOST SINGLE 138 1836 20.2 13
+ +
MAIN MAIN
+
KICK

*COMPLEXITY FACTOR = NUMBER OF SHAFTS (TURBOPUMPS) +
NUMBER OF ROTORS (BLADE ROWS) +
NUMBER OF PURGE SEALS

86C-9-551
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TURBOMACHINERY FOR ENGINE 1
-~ LOX/RP-1, RP-1 COOLED
SCHEMATICS OF CANDIDATES

SYSTEM 1A

SYSTEM 1B

SYSTEM 1C

SYSTEM 1D

SYSTEM 1E

RP-1

i

\_lpwz
/_-HI_E

LOX

oe]

o]
=

&%&%

|

o]

S

S

S

LEGEND:

BOOST
PUMP
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MAIN

PUMP
STAGE
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86C-9-555

TURBOMACHINERY CANDIDATES FOR ENGINE 1
LOX/RP-1, RP-1 COOLED

wc_<=<_>m< OF PUMP DATA

SYSTEM 1A 18 1c 1D 1E
RP-1 PUMP CONFIGURATION M+K M+K M+K M+K B+M+K
LOX PUMP CONFIGURATION M B+M M B+M B+M
TURBINE ARRANGEMENT DUAL DUAL SINGLE | SINGLE | SINGLE
RP-1 MAIN  SPEED, RPM 14500 14500 9500 10500 13000
KICK PUMP  POWER, HP 27037 27037 31359 30142 28940
BEARING DN, 106MM RPM 1.08 1.08 0.95 1.03 1.20
| SEAL RUBBING SPEED, FT/SEC 232 232 204 221 258
RP-1 MAIN  FLOW, GPM 6857 6857 6857 6857 6857
PUMP HEAD, FT 9880 9880 9880 9880 11170
TIP DIAMETER, INCH 12.6 12.6 19.2 174 15.0
NUMBER OF STAGES 1 1 1 1 1
RP-1 KICK  FLOW, GPM 3429 3429 3429 3429 3429
PUMP HEAD, FT 10312 10312 10312 10312 8915
TIP DIAMETER, INCH 12.9 12.9 19.7 17.8 134
LOX MAIN  SPEED, RPM 9500 13000 9500 10500 13000
PUMP POWER, HP 25568 28087 25568 28317 28087
FLOW, GPM 11798 11798 11798 11798 11798
HEAD, FT 5945 6731 5945 6675 6731
TIP DIAMETER, INCH 15.7 12.2 15.7 15.1 12.2
NUMBER OF STAGES 1 1 1 1 1
BEARING DN, 105Mm RPM 0.78 1.01 - - -
SEAL RUBBING SPEED, FT/SEC 134 173 - - -
TOTAL SYSTEM POWER HP 52605 55124 56927 58459 57027
SYSTEM WEIGHT LB 1950 2076 1749 1925 1836

‘F’ Rockwell

International

Rocketdyne Division
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TURBOMACHINERY CANDIDATES FOR ENGINE 1

LOX/RP-1, RP-1 COOLED

SUMMARY OF TURBINE DATA
SYSTEM 1A 1B 1C 1D 1E
RP-1 PUMP CONFIGURATION M+K M+K M+K M+K B+M+K
LOX PUMP CONFIGURATION M B+M M B+M B+M
TURBINE ARRANGEMENT DUAL DUAL SINGLE SINGLE SINGLE
RP-1 POWER, HP 27037 27037 56927 58459 57027
OR SPEED, RPM 14500 14500 9500 10500 13000
SINGLE U/Co 0.250 0.250 0.242 0.250 0.249
TURBINE  STAGING 2-MIXED*| 2-MIXED* | 2-MIXED* | 2-MIXED* | 2-MIXED*
EFFICIENCY 0.728 0.729 0.734 0.742 0.741
MEAN BLADE SPEED, FT/SEC 807. 797. 1078. 1111. 1106.
N2 AA, 1010 RPM2 |NCH?2 1.15 1.14 1.49 1.89 2.82
TIP DIAMETER, INCH 14.12 13.97 28.02 26.50 22.22
BLADE HEIGHT/MEAN DIAM. — MIN 0.049 0.051 0.030 0.034 0.052
- MAX 0.107 0.108 0.078 0.093 0.140
ADMISSION, PERCENT 100 100 100 100 | _ 100
PRESSURE RATIO 43 4.1 20.1 20.1 20.1
LOX POWER, HP 25568 28087
TURBINE  SPEED, RPM 9500 13000
U/Co 0.271 0.301
STAGING 2-MIXED* 2.
REACTION
EFFICIENCY 0.745 0.778
MEAN BLADE SPEED, FT/SEC 839 944
N2 AA, 1010 RPM2 INCH2 2.28 3.13
TIP DIAMETER, INCH 24.20 20.19
BLADE HEIGHT/MEAN DIAM. — MIN 0.084 0.099
— MAX 0.196 0.2
ADMISSION, PERCENT 100 100
- PRESSURE RATIO 46 48
o0
% TOTAL TURBINE FLOWRATE, LB/SEC 126.02 129.00 138.66 140.88 | 137.64
o OVERALL PRESSURE RATIO 20.1 20.1 20.1 20.1 20.1
[(o]
o0

* 1 IMPULSE STAGE, 1 REACTION STAGE

‘F’ Rockwell International

Rocketdyne Division
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TURBOMACHINERY CANDIDATES

ENGINE 3 - LOX/METHANE,
METHANE COOLED

86C-9-556
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PUMPS FOR ENGINE 3 - LOX/METHANE,

METHANE COOLED
DUAL SHAFT CONFIGURATIONS

SYSTEM METHANE PUMP LOX PUMP
IDENTIFIER CONFIGURATION CONFIGURATION CONCLUSIONS
MAIN DELETED
e HIGH POWER REQUIREMENT
3A MAIN MAIN CARRIED FORWARD
+ e MINIMUM POWER, MINMUM WEIGHT
KICK
3B MAIN BOOST CARRIED FORWARD
+ + * MAXIMUM LOX PUMP SPEED
KICK MAIN
BOOST | DELETED
\ e SPEED INCREASE INSUFFICIENT TO
MAIN OFF SET INCREASE IN REQUIRED POWER
AND COMPLEXITY
BOOST
+ DELETED
MAIN e SPEED INCREASE INSUFFICIENT TO
N OFFSET INCREASE IN REQUIRED POWER
Kiek AND COMPLEXITY

86C-9-557
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PUMPS FOR ENGINE 3 - LOX/ METHANE,

METHANE COOLED

SINGLE SHAFT CONFIGURATIONS

SYSTEM METHANE PUMP LOX PUMP
IDENTIFIER CONFIGURATION CONFIGURATION CONCLUSIONS
MAIN DELETED
e HIGH REQUIRED POWER
3C MAIN MAIN CARRIED FORWARD
+ e SIMPLE CONFIGURATION
KICK
3D MAIN BOOST CARRIED FORWARD
+ + e MINIMUM POWER, DIAMETER, WEIGHT
KICK MAIN
BOOST DELETED
+ ® SPEED CONTROLLED BY LOX PUMP
MAIN ® METHANE BOOST PUMP NOT REQUIRED
BOOST
+ DELETED
MAIN ® SPEED CONTROLLED BY LOX PUMP
+ ® METHANE BOOST PUMP NOT REQUIRED
KICK

86C-9-558

‘F’ Rockwell International

Rocketdyne Division

TE-53




vG-31

*1H9I3M WNWINIW JHL SVH O€ WILSAS ONV ‘NOILVYUNOIANOD LS3TdWIS 3IHL SI JE WILSAS
‘YILINVIQ WNWINIW IHL 8E WILSAS ‘ILVHMOTS INIGYUNL WAWINIW 3HL SVH VE WILSAS

*SNOILVINIIINOGD

L14VHS 319NIS IHL ¥04 LHOIIM WILSAS 3ISVIYIIA OGNV SNOILVYNIIANGD 14VHS VNG 3HL
404 LH9T13IM WILSAS 3ISVIYINI SdWNd 1S008 INION3 SIHL ¥04 “NOILVHNIIINGD L3VHS
J19NIS 033dS YIMOT 3HL ¥0d4 03YINDIY SY3T1TIAWI INVHLIW ¥39UVT ATTLNVIIJINIIS
JHL 0L 3n0 SI SIHL °SdWNd 1S008 LNOHLIM NOILVHNIIINOD LiVHS VNG 3HL

NVHL ¥3IAV3IH ATLHOINS SI (D€ W3LSAS) SdWNd 1S008 LNOHLIM NOILVYNIIINOD LIVHS
JT9NIS 3JHL JYIHM ‘1HOI3M WILSAS Y04 1d3IX3 “03IAY3SE0 YV SONIYL G31I3dX3 3IHL

“INISYUNL G3ANNOJWOI

JYNSSIUd 39VLIS OML V SYM I€ NOILVYNOIANGD ¥04 3INIBYNL 3IHL  "39VIS ONOJIIS 3HL
NI NOILIV3IY 1H9INS HLIM SINIGYNL GIANNOJWOD ALIJO0T3IA MOY OML JY¥IM QE WILSAS
404 INIGYNL IHL ONV SNOILVYNOIANOD L4VHS TWNA 3HL 40 HIVI NI SINIGYNL H108

"SISATYNV 1S0D 31040 3417 304 QIANIWWOIIY JYIM SWILSAS ¥NO4
SNHL GONV ‘SS3J0dd 9NIN3IYIS INIGYNL 3IHL NI 0313730 I¥IM SWILSAS ¥3H1¥Nd ON

0307000 INVHLIIW ‘3INVHLIW/X0T - € INIONI 404 AYINIHIVWOHUNL




TURBOMACHINERY FOR ENGINE 3 - LOX/METHANE,

METHANE COOLED

SUMMARY OF CANDIDATES

MAIN TURBOPUMP
METHANE TURBINE SYSTEM | MAXIMUM COMPLEXITY
SYSTEM PUMP LOX PUMP TURBINE FLOWRATE | WEIGHT | DIAMETER FACTOR
IDENTIFIER CONFIG. CONFIG. ARRANGEMENT LB/SEC LB INCH
3A MAIN MAIN DUAL 133 2361 25.8 10
+
KICK
38 MAIN BOOST DUAL 135 2373 20.7 13
+ +
KICK MAIN
3C MAIN MAIN SINGLE 176 2422 30.6 7
+
KICK
3D MAIN BOOST SINGLE 150 2179 26.3 10
+ +
KICK MAIN
(02}
wn
Q
<
&)
(o]
a
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TURBOMACHINERY FOR ENGINE 3 - LOX/METHANE,

METHANE COOLED
SCHEMATICS OF CANDIDATES

SYSTEM 3A SYSTEM 3B SYSTEM 3C SYSTEM 3D
METHANE memmE‘ .sn;n
q/l._ | “| f_ ﬁﬂ-g
m‘ smmrllag __ &% ar
z ik N @ia |
LOX mTz;m$= mmmm=
LEGEND:

BOOST
~ PUMP

86C-9-560

§

MAIN
PUMP
STAGE

‘F Rockwell International

Rocketdyne Division

KICK
PUMP

._.Cmm_Zm
STAGE
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TURBOMACHINERY CANDIDATES FOR ENGINE 3
LOX/METHANE, METHANE COOLED

SUMMARY OF PUMP DATA

SYSTEM 3A 3B 3c 3D
METHANE PUMP CONFIGURATION M+K | M+K M+K | mMm+K
LOX PUMP CONFIGURATION M B+M M B+M
TURBINE ARRANGEMENT DUAL | DUAL | SINGLE | SINGLE
METHANE PUMPS SPEED, RPM 20,000 | 20,000 9,500 | 13,000
POWER, HP 43,401 | 43,401 | 58222 | 50198
BEARING DN, 106 mm RPM 0.98 0.98 1.09 1.7
SEAL RUBBING SPEED, FT/SEC 349 349 233 365
METHANE MAIN FLOW, GPM 10,320 | 10,320 | 10,320 | 10,320
PUMP HEAD, FT 26,315 | 26,315 | 26,315 | 26.315
TIP DIAMETER, INCH 16.3 16.3 31.4 22.9
NUMBER OF STAGES 1 1 1 1
METHANE KICK FLOW, GPM 5160 | 5,160 5,160 5,160
PUMP HEAD, FT 7.258 | 7.258 7,258 7,258
TIP DIAMETER, INCH 8.0 8.0 15.4 12.3
LOX MAIN PUMP SPEED, RPM 9,500 | 13,000 9,500 | 13,000
POWER, HP 39,723 | 40,525 | 39723 | 42.230
FLOW, GPM 11,514 | 11,514 | 11,614 | 11514
HEAD, FT 8877 | 9689 8,877 8,689
TIP DIAMETER, INCH 19.3 14.7 19.30 14.1
NUMBER OF STAGES 1 1 1 1
BEARING DN, 108 mm RFM 9 11 - —
o SEAL RUBBING SPEED, FT/SEC 126 239 - -
(Vo]
@ TOTAL SYSTEM POWER  HP 83,124 | 83926 | 97.945 | 92,428
Q SYSTEM WEIGHT LB 2,360 2,373 2.422 2,179

o0
‘F Rockwell International

Rocketdyne Division
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86C-9-584

TURBOMACHINERY CANDIDATES FOR ENGINE 3
LOX/METHANE, METHANE COOLED

SUMMARY OF TURBINE DATA
SYSTEM 3A 3B 3C 3D

METHANE PUMP CONFIGURATION M+K M+K M+K M+K
LOX PUMP CONFIGURATION M B+M M B+M
TURBINE ARRANGEMENT DUAL DUAL SINGLE SINGLE
METHANE  POWER, HP 43401 43401 97945 92428
OR SPEED, RPM 20000 20000 9500 13000
SINGLE U/Co 0.250 0.250 0.206 0.25
TURBINE STAGING 2.MIXED* 2-MIXED* 2SPC 2-MIXED*

EFFICIENCY 0.730 0.730 0.666 0.737

MEAN BLADE SPEED FT/SEC 994. 989, 1119, 1361,

N2 AA, 1010 RPM2 INCH?2 1.86 1.85 2.73 2.91

TIP DIAMETER, INCH 12.69 12.63 30.57 25,52

BLADE HEIGHT/MEAN DIAM. — MIN 0.053 0.053 0.041 0.033

. MAX 0.114 0.115 0.132 0.063

ADMISSION, PERCENT 100 100 100 100

PRESSURE RATIO 42 4.1 20.1 20.1
LOX POWER, HP 39723 40525
TURBINE SPEED, RPM 9500 13000

U/Co 0.251 0.251

STAGING 2.MIXED* 2.MIXED*

EFFICIENCY 0.729 0.729

MEAN BLADE SPEED, FT/SEC 951. 956,

N2 AA, 1010 RPM2 INCH2 1.84 3.47

TIP DIAMETER, INCH 2577 20.74

BLADE HEIGHT/MEAN DIAM. — MIN 0.054 0.100

MAX 0.123 0.2

ADMISSION, PERCENT 100 100

PRESSURE RATIO 4.7 48
TOTAL TURBINE FLOWRATE, LB/SEC 133.20 134.49 176.24 150.20

OVERALL PRESSURE RATIO 20.1 20.1 20.1 20.1

*1 IMPULSE STAGE, 1 REACTION STAGE

‘F’ Rockwell International

Rocketdyne Division
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0
‘F’ Rockwell International

Rocketdyne Division

TURBOMACHINERY CANDIDATES

ENGINE 4 - LOX/RP-1,
LHo COOLED
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PUMPS FOR ENGINE 4 - LOX/RP-1, LH, COOLED
DUAL SHAFT +HYDROGEN CONFIGURATIONS

SYSTEM LH, PUMP RP-1 PUMP LOX PUMP
IDENTIFIER | coNFIGURATION | CONFIGURATION | CONFIGURATION CONCLUSIONS
BOOST DELETED
+ e SPEED LIMITED BY BEARING DN
MAIN NOT SUCTION PERFORMANCE
aA MAIN MAIN MAIN CARRIED FORWARD
e SIMPLE CONFIGURATION
a8 MAIN MAIN BOOST CARRIED FORWARD
+ e COMBINES LOW POWER, MEDIUM
MAIN COMPLEXITY AND HIGH LOX
PUMP SPEED
ac MAIN BOOST MAIN CARRIED FORWARD
+ e COMBINES LOW POWER, MEDIUM
MAIN COMPLEXITY AND HIGH RP-1
PUMP SPEED
a - MAIN BOOST BOOST CARRIED FORWARD
+ + e MINIMUM POWER
MAIN MAIN

86C-9-564
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86C-9-565

PUMPS FOR ENGINE 4 - LOX/RP-1, LH, COOLED
SINGLE SHAFT + HYDROGEN CONFIGURATIONS

SYSTEM LH,, PUMP RP-1 PUMP LOX PUMP
IDENTIFIER ooz_u_mcm ATION | CONFIGURATION | CONFIGURATION CONCLUSIONS
BOOST DELETED
+ e SPEED LIMITED BY BEARING DN
MAIN NOT SUCTION PERFORMANCE
MAIN MAIN MAIN DELETED
e LOW SPEED, HIGH POWER
4E MAIN MAIN BOOST CARRIED FORWARD
+ e MAXIMUM SPEED, MINIMUM
MAIN POWER, MINIMUM WEIGHT
MAIN BOOST MAIN DELETED
+ e LOW SPEED, MAXIMUM POWER
MAIN
MAIN BOOST BOOST DELETED
+ + e INCREASED POWER, WEIGHT AND
MAIN MAIN COMPLEXITY OVER SYSTEM 4E

WITH NO INCREASE IN SPEED
e SPEED SET BY LOX PUMP

Rocketdyne Division

‘F Rockweli International
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86C-9-566

TURBOPUMPS FOR ENGINE 4 - LOX/RP-1, LH, COOLED

SYSTEM LH, PUMP RP-1 PUMP LOX PUMP TURBINE
IDENTIFIER | CONFIGURATION | CONFIGURATION | CONFIGURATION ARRANGEMENT CONCLUSIONS
Y DELETED
G e HIGHEST TURBINE FLOWRATE
ZAP MAIN MAIN MAIN ‘ CARRIED FORWARD
gl_llulA e SIMPLE CONFIGURATION
MAIN MAIN MAIN , DELETED
@ U< |, hicner TURBINE FLOWRATE
< THAN SYSTEM 4AP
4 A/S MAIN MAIN MAIN CARRIED FORWARD
Saimim< o MINIMUM TURBINE FLOWRATE
aB/P MAIN MAIN BOOST G CARRIED FORWARD
+ @ o LOW TURBINE FLOWRATE,
MAIN < SMALL DIAMETER
4B/s MAIN MAIN BOOST CARRIED FORWARD
+ (Go<t—<F—<d] | e mnMum TURBINE FLOWRATE,
MAIN SMALL DIAMETER
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Rocketdyne Division
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86C-9-567

TURBOPUMPS FOR ENGINE 4 - LOX/RP-1, LH, COOLED

SYSTEM LH, PUMP RP-1 PUMP LOX PUMP TURBINE
IDENTIFIER | CONFIGURATION | CONFIGURATION | CONFIGURATION ARRANGEMENT CONCLUSIONS
<F}<d] DELETED
@ o BENEFITS OF INCREASED RP-1
< PUMP SPEED INSUFFICIENT TO
MAIN BOOST MAIN OFFSET INCREASED
+ @ O G G| COMPLEXITY
MAIN o MAXIMUM DIAMETER SET BY
LOX PUMP TURBINE
MAIN BOOST BOOST @ 4 DELETED
+ + e NO ADVANTAGE OVER SYS-
MAIN MAIN @ G~ TEMS 4 B/P AND 4 B/S
4E/P MAIN MAIN BOOST F/0 | CARRIED FORWARD
+ o MINIMUM WEIGHT
MAIN
4E/S MAIN MAIN BOOST CARRIED FORWARD
+ e MINIMUM WEIGHT
MAIN Go<tJrr0
e LOWER TURBINE FLOWRATE
THAN SYSTEM 4 E/P
‘F’ Rockwell International
Rocketdyne Division ._.ml N,_
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TURBOMACHINERY FOR ENGINE 4 - LOX/RP-1, LH, COOLED
SUMMARY OF CANDIDATES

METHANE
LH, PUMP PUMP LOX PUMP TURBINE | SYSTEM | MAXIMUM COMPLEXITY
SYSTEM CONFIGU- | CONFIGU- | CONFIGU- TURBINE FLOWRATE | WEIGHT | DIAMETER FACTOR
IDENTIFIER | RATION RATION RATION ARRANGEMENT LB/SEC LB INCH
4 A/P MAIN MAIN MAIN 33.0 2541 43.3 13
4A/S MAIN MAIN MAIN 30.0 2541 428 13
4 B/P MAIN MAIN BOOST 328 2489 33.7 16
+
MAIN
4 B/S MAIN MAIN BOOST 30.2 2489 31.4 16
+
MAIN
4 E/P MAIN MAIN BOOST 38.7 2188 31.0 13
+
MAIN
m 4 E/S MAIN MAIN BOOST 35.7 2188 31.2 13
| +
D
P_V MAIN
(o}
©
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TURBOMACHINERY FOR ENGINE 4 - LOX/RP-1, LH, COOLED

SCHEMATICS OF CANDIDATES

SYSTEMS4 A/P, 4 A/S SYSTEMS 4 B/P, 4 B/S SYSTEMS 4 E/P,4E/S

A A el A
2 &fzvg ffzjm_mz ;_/ZL_E
RP-1 i & iy “__“

- § el
- P ss0l 5T

V oo

LEGEND:

' MAIN
&y PUMP
STAGE

BOOST
PUMP

86C-9-569
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KICK TURBINE

PUMP = STAGE & BEARING
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TURBOMACHINERY CANDIDATES FOR ENGINE 4

LOX/RP-1,LH,COOLED
SUMMARY OF PUMP DATA

SYSTEM 4A/P,AAIS 4B/P,4B/S 4E/P,4E/S
LH, PUMP CONFIGURATION MAIN M M
RP-1 PUMP CONFIGURATION M M M
LOX PUMP CONFIGURATION M B+M B+M
TURBINE ARRANGEMENT DUAL DUAL SINGLE
LH2 SPEED, RPM 60000 60000 60000
PUMP POWER, HP 17165 17165 17165
FLOW, GPM 3180 3180 3180
HEAD, FT 205118 205118 205118
TIP DIAMETER, INCH 7.56 7.56 7.56
NUMBER OF STAGES 3 3 3
BEARING DN, 105mMm RPM 2 2 2
SEAL RUBBING SPEED, FT/SEC 430 430 430
RP-1 SPEED, RPM 16800 16800 13500
PUMP POWER, HP 24376 24376 26209
FLOW, GPM 5644 5644 5644
HEAD, FT 15663 15663 15663
TIP DIAMETER, INCH 13.69 13.69 14,61
NUMBER OF STAGES 1 1 1
BEARING DN, 106 mm 1.2 1.2 1.3
SEAL RUBBING SPEED, FT/SEC 253 253 281
LOX SPEED, RPM 9650 13500 13500
PUMP POWER, HP 45362 44704 44704
FLOW, GPM 11140 11140 11140
HEAD, FT 10604 11427 11427
TIP DIAMETER, INCH 19.65 1456 14.56
- NUMBER OF STAGES 1 1 1
5 BEARING DN, 106 MM RPM 0.9 1.2 -
g SEAL RUBBING SPEED, FT/SEC 195 250 -
[}
m SYSTEM WEIGHT, LB 2541 2489 2188

‘F Rockwell International

Rocketdyne Division
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TURBOMACHINERY CANDIDATES FOR ENGINE 4

LOX/ RP-1, LH, COOLED
SUMMARY OF TURBINE DATA

SYSTEM aa/p 4A/S 4B/P 48/S 4E/MR 4 E/S
LH2 PUMP CONFIGURATION ,,n n n n ,z.\_ u
RP-1 PUMP CONFIGURATION
M M B+M 8+M 8+M B+M
#mm%_x,mﬂwﬂﬂﬂmmnmﬁoz DUAL + DUAL + DUAL + DUAL + SINGLE+ | SINGLE+
PARALLEL 8 <H| HYDROGEN |HYDROGEN | HYDROGEN | HYDROGEN | HYDROGEN | HYDROGEN
DUAL SHAFT G () PARALLEL | SERIES | PARALLEL | SeERiEs | PaRALLEL | SERIES
HYDROGEN TURBINE POWER, HP 17165 17165 17165 17165 17165 17165
v SPEED, RPM 60000 60000 60000 60000 60000 60000
U/Co 0.132 0.305 0.132 0.308 0.132 0.246
STAGING 2RVC |2.ReacTioN] 2Rvc |2.ReacTion]| 2RvC 2'SPC
EFFICIENCY 0515 0.748 0.515 0.746 0.515 0.686
MEAN BLADE SPEED, FT/SEC 1650. 1650. 1650. 1607, 1650, 1224,
N2 AA, 1010 RPM2 INCH2 5.56 422 5.56 4.29 5.56 453
TIP DIAMETER, INCH 7.08 6.90 7.08 6.76 7.08 553
BLADE HEIGHT/MEAN DIAM. _ MIN 0.059 0.077 0.059 0.091 0.059 0.181
—~ MAX 0.124 0.094 0.124 0.101 0.124 0.184
ADMISSION, PERCENT 100 100 100 100 100 100
TURBINE FLOWRATE, LB/SEC 7.51 30.0 7.51 30.2 751 35.72
PRESSURE RATIO 20.5 15 205 15 205 1.4
RP-1 POWER, HP 24376 24376 24376 24376 71304 71304
OR SPEED, RPM 16800 16800 16800 16800 13500 13500
SINGLE U/Co 0.200 0.180 0.200 0.180 0.132 0.142
STAGING 2RVC 2RVC 2RVC 2RVC 2RV C 2.MIXED*
TURBINE EFFICIENCY 0.630 0.603 0.630 0.603 0.515 0.521
MEAN BLADE SPEED, FT/SEC 1480. 1185. 1486. 1233. 1650, 1650,
N2 aa, 1010 RPM2 INCH2 5.19 3.61 5.15 3.70 488 4.90
TIP DIAMETER, INCH 23.09 18.68 23.13 193 31.04 3117
BLADE HEIGHT/MEAN DIAM. —MIN 0.054 0.069 0.054 0.065 0.051 0.047
—MAX 0.144 0.156 0.141 0.147 0.109 0.108
ADMISSION, PERCENT 10 20 10 20 24 25
TURBINE FLOWRATE, LB/SEC 2552 300 25.27 30.2 3118 3572
PRESSURE RAT10 2.2 2.0 2.2 2.1 205 147
LOX TURBINE POWER, HP 45362 45362 44704 443704
SPEED, RPM 9650 9650 13500 13500
U/Co 0.157 0.171 0.157 0.174
STAGING 2MIXED* 2RVC 2MIXED* 2RVC
EFFICIENCY 0.560 0.583 0.560 0.584
MEAN BLADE SPEED, FT/SEC 1646. 1650. 1643. 1648.
N2 AA, 1010 RPM2 INCH2 4.80 413 463 5.47
3 TIP DIAMETER, INCH 43.29 42.79 30.80 3139
B BLADE HEIGHT/MEAN DIAM. — MIN 0.050 0.036 0.048 0.048
| —~MAX 0.107 0.092 0.104 0.122
o ADMISSION, PERCENT 10 20 20 30
n_u TURBINE FLOWRATE, LB/SEC 2552 30.0 25.27 30.2
o PRESSURE RATIO 9.1 6.9 9.1 6.3
© TOTAL TURBINE FLOWRATE, LB/SEC 33.03 30.0 32.78 30.2 38.69 3572
OVERALL PRESSURE RATIO 205 205 20.5 205
*1IMPULSE STAGE, 1 REACTION STAGE
‘F’ Rockwell International
Rocketdyne Division TE-79
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TURBOMACHINERY CANDIDATES

ENGINE 6 — LOX/METHANE,
LHo COOLED

6C-9-572
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PUMPS FOR ENGINE 6 - LOX/METHANE, LH, COOLED
DUAL SHAFT + HYDROGEN CONFIGURATIONS

SYSTEM LH, PUMP METHANE PUMP L.OX PUMP
IDENTIFIER | cONFIGURATION | CONFIGURATION | CONFIGURATION CONCLUSIONS
BOOST DELETED
+ e SPEED LIMITED BY BEARING DN
MAIN NOT SUCTION PERFORMANCE
6A MAIN MAIN MAIN CARRIED FORWARD
e SIMPLE CONFIGURATION
68 MAIN MAIN BOOST CARRIED FORWARD
+ e COMBINES LOW POWER, MEDIUM
MAIN COMPLEXITY AND HIGH LOX
PUMP SPEED
MAIN BOOST DELETED
+ e OUTBOARD BEARING REQUIRED
MAIN TO REDUCE DN

® BENEFITS OF HIGHER PUMP SPEED
INSUFFICIENT TO OFFSET
INCREASED COMPLEXITY

86C-9-573
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PUMPS FOR ENGINE 6 - LOX/METHANE, LH, COOLED
SINGLE SHAFT + HYDROGEN CONFIGURATIONS

SYSTEM LH, PUMP METHANE PUMP LLOX PUMP
IDENTIFIER | CONFIGURATION| CONFIGURATION | CONFIGURATION CONCLUSIONS
BOOST DELETED
+ e SPEED LIMITED BY BEARING DN
MAIN NOT SUCTION PERFORMANCE
MAIN MAIN MAIN DELETED
e SIGNIFICANT METHANE PUMP
PERFORMANCE PENALTY
6C MAIN MAIN BOOST CARRIED FORWARD
+ e MINIMUM POWER AND WEIGHT
MAIN
MAIN BOOST DELETED
+ e SPEED CONTROLLED BY LOX PUMP
MAIN e METHANE BOOST PUMP NOT

REQUIRED

86C-9-574
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TURBOPUMPS FOR ENGINE 6 - LOX/METHANE,
LH, COOLED

SYSTEM LH, PUMP METHANE PUMP LOX PUMP TURBINE
IDENTIFIER | CONFIGURATION | CONFIGURATION | CONFIGURATION ARRANGEMENT CONCLUSIONS
. Y DELETED
@ G e HIGHEST TURBINE FLOWRATE
6 A/P MAIN MAIN MAIN F—g CARRIED FORWARD
@l ‘ ‘ e SIMPLE CONFIGURATION
MAIN MAIN MAIN 7A_.|A DELETED
@l e HIGHER TURBINE FLOWRATE
A THAN SYSTEM 6 A/P
6 A/S MAIN MAIN MAIN @ Gl—<f}—<0| | carriep ForwaARD
e MINIMUM TURBINE FLOWRATE
6 B/P MAIN MAIN BOOST <f}~<3 CARRIED FORWARD
+ o) e LOW TURBINE FLOWRATE,
MAIN <d MINIMUM DIAMETER
wn
W_ 6 B/S MAIN MAIN BOOST CARRIED FORWARD
P + (GO—<A—<F<0] | « MINIMUM TURBINE FLOWRATE,
Q MAIN SMALL DIAMETER
[o ]

‘F’ Rockwell International
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TURBOPUMPS FOR ENGINE 6 - LOX/METHANE,
LH, COOLED

SYSTEM LH, PUMP METHANE PUMP LOX PUMP TURBINE
IDENTIFIER | CONFIGURATION | CONFIGURATION | CONFIGURATION ARRANGEMENT CONCLUSIONS
6 C/P MAIN MAIN BOOST F/O | CARRIED FORWARD
+ e MINIMUM WEIGHT
MAIN
6C/S MAIN MAIN BOOST CARRIED FORWARD
+ @.ATA F/O | o MINIMUM WEIGHT
MAIN
e LOWER TURBINE FLOWRATE
THAN SYSTEM 6 C/P

86C-9-576

‘F’ Rockwell International

Rocketdyne Division

TE-89
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TURBOMACHINERY FOR ENGINE 6
LOX/METHANE, LH, COOLED
SUMMARY OF CANDIDATES

‘F Rockwell International

Rocketdyne Division

TE-91

METHANE COMPLEXITY
LH, PUMP PUMP LOX PUMP TURBINE | SYSTEM | MAXIMUM FACTOR
SYSTEM | CONFIGU- | CONFIGU- | CONFIGU- TURBINE FLOWRATE | WEIGHT | DIAMETER | SHAFTS + ROTORS
IDENTIFIER | RATION | RATION | RATION ARRANGEMENT LB/SEC LB INCH + PURGE SEALS
6 A/P MAIN MAIN MAIN @I_HM M_ 435 2683 419 13
6 A/S MAIN MAIN MAIN @.AIAZ 40.2 2683 42.0 13
6 B/P MAIN MAIN BOOST Q 431 2624 295 16
p +
MAIN
6 B/S MAIN MAIN BOOST 402 2624 30.9 16
MAIN
6 C/P MAIN MAIN BOOST Tei0 56.2 2449 30.4 13
+ p
MAIN _,
~ 6C/S MAIN MAIN BOOST p 49.1 2449 32.2 13
™~ @lé-lA F/O
7o) +
.
e“, MAIN
&)
[le}
o0}
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TURBOMACHINERY FOR ENGINE 6
LOX/METHANE, LH, COOLED

SCHEMATICS OF CANDIDATES

SYSTEMS 6 E/P, 6 E/S

SYSTEMS 6 A/P, 6 A/S SYSTEMS 6 B/P, 6 B/S
A4 \_ 1/ A/
LH
? N NN AR
METHANE i _i
_mi e g
LOX i /i!i, __w 88 mg_w
#e8|
Sl
LEGEND:
2 P soost U KiCK TURBINE g oeibinve 4 SEAL &g PURGE
d pume N GaGe PUMP STAGE SEAL
(¢ 0]
‘F Rockwell International
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TURBOMACHINERY CANDIDATES FOR ENGINE 6
® LOX/METHANE, LH2 COOLED
SUMMARY OF PUMP DATA

SYSTEM 6A/B 6A/S 6 B/B, 6 B/S 6C/P,6C/S
LH, PUMP CONFIGURATION ™ M M
CH, PUMP CONFIGURATION M M M
LOX PUMP CONFIGURATION M B+M B+M
TURBINE ARRANGEMENT DUAL DUAL SINGLE
LH, SPEED, RPM 60000 60000 60000
PUMP POWER, HP 20612 20612 20612
FLOW, GPM 3910 3910 3910
HEAD, FT 201762 204762 204762
TIP DIAMETER, INCH 16 76 7.6
NUMBER OF STAGES 3 3 3
BEARING DN, 106 MM RPM 2 2 2
SEAL BEARING SPEED, FT/SEC 430 430 430
nIh SPEED, RPM 21900 21900 13400
PUMP POWER, HP 37682 37682 46134
FLOW, GPM 8529 8629 8629
HEAD, FT 29903 29903 29903
TIP DIAMETER, INCH 14.5 14.5 23.72
NUMBER OF STAGES 1 1 1
BEARING DN, 105MM RPM 1.6 1.6 14
SEAL RUBBING SPEED, FT/SEC 344 344 297
LOX SPEED, RPM 9580 13400 13400
PUMP POWER, HP 46479 45742 45742
FLOW, GPM 11296 11296 11296
HEAD, FT 10694 11518 11578
TIP DIAMETER, INCH 19.89 14.72 14.72
NUMBER OF STAGES 1 1 1
o BEARING DN, 105MM RPMm 0.9 1.2 -
2 SEAL RUBBING SPEED, FT/SEC 195 . 250 -
]
®
A TOTAL POWER, HP 104773 104036 112488
® SYSTEM WEIGHT, LB 2683 2624 2449

a0
‘F Rockwell International

Rocketdyne Division TE-95
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TURBOMACHINERY CANDIDATES FOR ENGINE 6

LOX/METHANE, LH, COOLED
SUMMARY OF TURBINE DATA

SYSTEM 6 AP 6A/S 6 B/P 68/S 6E/P 6E/S
LH, PUMP CONFIGURATION M M M M M M
METHANE PUMP CONFIGURATION M M M M M M
LOX PUMP CONFIGURATION M M B+M B+M B+M 8tM
TURBINE ARRANGEMENT DUAL + DUAL + DUAL + DUAL + SINGLE + | SINGLE +
@Sx»..rmr X v HYDROGEN HYDROGEN | HYDROGEN | HYDROGEN | HYDROGEN | HYDROGEN
DUAL SHAFT PARALLEL SERIES PARALLEL SERIES PARALLEL SERIES
HYDROGEN TURBINE  POWER, HP 20612 20612 20612 20612 20612 20612
SPEED, RPM 60000 60000 60000 60000 60000 60000
U/Co 0.142 0.308 0.142 0.308 0.142 0.354
STAGING 2RVC | 2REACTION| 2RvcC |2REACTION| 2RvcC |2REACTION
EFFICIENCY 0.543 0.747 0.543 0.747 0,543 0.683
MEAN BLADE SPEED, FT/SEC 1650. 1520. 1650, 1506, 1650, 1650.
N2 A, 1010 RPM2 iNCH? 7.30 5.59 7.30 5.54 7.30 4.85
TIP DIAMETER, INCH 7.32 6.66 732 6.60 7.32 6.98
BLADE HEIGHT/MEAN DIAM. —-MIN] 0075 0.126 0.075 0.130 0.075 0.085
-max] 0183 0.147 0.163 0.148 0.163 0.108
ADMISSION, PERCENT 100 100 100 100 100 100
TURBINE FLOWRATE, LB/SEC 9.96 40.20 9.96 40.20 9.96 48.11
PRESSURE RATIO 20.3 15 203 15 203 14
METHANE " POWER, HP 37682 37682 37682 37682 91878 91878
OR SPEED, RPM 21900 21900 21900 21900 13400 13400
SINGLE U/Co 0.198 0.200 0.198 0.200 0.142 0.152
TURBINE STAGING 2RVC 2RV C 2RVC 2RV C 2RV C 2-MIXED*
EFFICIENCY 0.627 0.630 0.627 0.630 0.521 0.569
MEAN BLADE SPEED , FT/SEC 1569. 1455, 1586, 1466, 1650, 1641,
nZ AA, 10'0 Rpm2 INCH2 3.52 292 352 2.92 338 6.46
TIP DIAMETER, INCH 17.84 17.01 18.00 17.10 30.37 32.15
BLADE HEIGHT/MEAN DIAM. —MIN 0.033 0.044 0.032 0.043 0.035 0.062
— MAX 0.087 0117 0.085 0.115 0.075 0145
ADMISSION, PERCENT 35 50 35 50 50 25
TURBINE FLOWRATE, LB/SEC 3352 40.20 33.13 40.20 46.27 4911
PRESSURE RATIO 3.0 2.7 3.1 2.8 20.3 143
LOX TURBINE POWER, HP 46479 46479 45742 45742
SPEED, RPM 9580 9580 13400 13400
U/Co 0.182 0.200 0.182 0.200
STAGING 2MIXED® 2RVC 2.MIXED* 2RV C
EFFICIENCY 0.612 0.625 0.612 0.625
MEAN BLADE SPEED, FT/SEC 1629, 1611. 1617. 1607.
N2 aa, 100 rPM2 incH2 333 3.88 2.87 3.81
TIP DIAMETER, INCH 41.92 42.03 29 50 30.92
BLADE HEIGHT/MEAN DIAM. — MIN 0.036 0.032 0.031 0.044
[{e} - MAX 0.076 0.091 0.066 0.125
3] ADMISSION, PERCENT 20 35 a5 50
0 TURBINE FLOWRATE, LB/SEC 3352 40.20 3313 40.20
o PRESSURE RATIO 6.6 49 6.4 4.8
3 TOTAL TURBINE FLOWRATE, LB/SEC 43.48 40.20 43.00 40.20 56.23 49,1
0 OVERALL PRESSURE RATIO 20.3 20.3 203 20.3 203 203

‘F’ Rockwell International

Rocketdyne Division

* 1 IMPULSE STAGE, 1 REACTION STAGE

TE-S7
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TURBOPUMP SCREENING SUMMARY

PUMPS TURBINES
FUEL LOX
TOTAL NUMBER -0 _-IN DUAL HYDROGEN |
ENGINE | OF CANDIDATES B&M | M&K |B&M&K | M | B&M B&M | SETS | SINGLE | SERIES { PARALLEL
1 5 0 4 1 2 3 —_ 2 3 — -
3 4 0 4 0 2 2 - 2 2 - -
4 6 0 0 o 2 4 0 4 2 3 3
6 6 0 0 0 2 4 0 4 2 3 3
©
w0
@
O
O
©
‘F’ Rockwell International
Rocketdyne Division TE-9%
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FINAL CONFIGURATION SELECTION LOGIC

COMPLEXITY
FACTOR

COST TO
ATTAIN
RELIABILITY

TURBINE
W

mzm_z_m__v
PROPELLANT
BULK DENSITY

RELIABILITY
ASSESSMENT

TURBOPUMP
WT

VEHICLE
SENSITIVITY
FACTORS

VEHICLE
INERT
WEIGHT

86C-9-582

‘F’ Rockwell International

Rocketdyne Division

TURBOPUMP
PRODUCTION

AND DEVELOPMENT

COST

LIFE CYCLE
COST

RISK
ASSESSMENT

TE-101
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THROTTLING REQUIREMENT EVALUATION

e SYSTEMS SIZED FOR 750K BALANCES

e THROTTLING REQUIREMENTS SHOULD NOT AFFECT SYSTEM
RELATIVE MERIT

e COMPONENT OFF-DESIGN PERFORMANCE SIMILAR FOR
HYDRODYNAMIC AND AERODYNAMIC DESIGN PARAMETERS

e SELECTED TURBOMACHINERY SYSTEMS ANALYZED AT 625K
OPERATING POINT TO ENSURE ACCEPTABLE CHARACTERISTICS

86C-9-676

‘F’ Rockwell International
TE-103 1609m/32

Rocketdyne Division
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STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
® INTRODUCGCTION ......cueiiiiciicrcttencanesssssessessessnssisnassesssneesssnssssssssssssnssssssnssesmnes e seesos F. KIRBY
® TASK 1 SUMMARY ... etiiiicntirescnssrisessesessessnseessssssesassonsesessssssnsssemsmensesnsnnes A. WEISS
e TASK 2 STATUS REVIEW
e SUBSYSTEM OPTIMIZATION APPROACH ....ueoeeeeeeeee e A. WEISS
® TURBOMACHINERY STUDIES...cccocuiteritrieneiecneeneerecressscesesssmnss s monoon A. EASTLAND
v e COMBUSTION DEVICES STUDIES ....... aesesssetnstestenerntanesanserneronransanane P. MEHEGAN
e THROTTLING ON-DESIGN/OFF-DESIGN STUDY ...oocoeeeeeeeeeeeeeemeseesnns W. BISSELL
D. NGUYEN
e CONTROL SYSTEM AND HEALTH MONITOR STUDIES.............. R. BREWSTER
0 ® SUMMARY ......iriitiiciicnenceertrecsssesasatseesesssssssssssesessssnnnssesesensssssnssessesessmmnneeesesens A. WEISS
00
%
(]
3
‘F’ Rockwell
International

Rocketdyne Division _u__ ._I ._
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COMBUSTION DEVICES AGENDA

® MAIN INJECTOR

® COMBUSTION CHAMBER/NOZZLE
® GAS GENERATOR

® IGNITION SYSTEM

86D-9-1917

‘F’ Rockwell International

Rocketdyne Division PM-3 10-42-0
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COMBUSTION DEVICES STUDY PLAN

® OBJECTIVE

e SELECT OPTIMUM LOX/HC COMBUSTION DEVICES
CONFIGURATION FOR EACH CANDIDATE

® APPROACH

e USE 1986 TECHNOLOGY
e DEFINE BASELINE ENGINE BALANCE
e IDENTIFY POTENTIAL DESIGN CONCEPTS
e SELECT BASELINE CONFIGURATION
e EVALUATE BASELINE AND ALTERNATES AGAINST
TRADEOFF FACTORS
* PERFORMANCE
* WEIGHT
e COST
e TECHNICAL RISK
¢ RECOMMEND BEST CONFIGURATION

86D-9-1918

‘F’ Rockwell International
10-36-0

Rocketdyne Division PM-&
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ENGINE OPERATING CONDITIONS

ENGINE CONFIGURATION NUMBER 1 2 3 4 5 6
ENGINE CYCLE TYPE 1 2 2 3 3 3
T/C PROPELLANT COMBINATION LOX/RP-1 LOX/ C3Hg LOX/CH, LOX/RP-1 LOX/C3Hq LOX/CH,
REGENERATIVE COOLANT RP-1 C;3H, CH, H, H, H,
THRUST, SL (kibf) 750 750 750 750 750 750
THRUST, VAC (klbf) 867 854 852 846 846 856
SPECIFIC IMPULSE, VAC (s) 329 34& 350 349 357 361
COMBUSTION C* EFFICIENCY (%) 96 97 97 96 97 97
CHAMBER PRESSURE (psia) 2350 3407 3495 4165 4170 4200

86D-9-1919

‘F’ Rockwell international

Rocketdyne Division

PM-7
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TYPICAL STBE ENGINE SCHEMATICS

CYCLE TYPE 1 CYCLE TYPE 2 CYCLE TYPE 3
(ENGINE 1) (ENGINES 2 AND 3) (ENGINES 4, 5, AND 6)
om m_b ® rE A
" s 3 = LL%: eﬁﬁﬁkﬁ B[ e L o
ﬂﬂr — caltion + - "
o [ EE g - o . e zs e ! T T =]
® GAS GENERATOR CYCLE @ GAS GENERATOR CYCLE ® GAS GENERATOR CYCLE
® FUEL COOLED ® FUEL COOLED ® LIQUID HYDROGEN COOLED
® LIQUID/LIQUID INJECTION @ LIQUID PROPANE INJECTION ® LIQUID/LIQUID INJECTION

® GASEOUS METHANE INJECTION

86D-9-1920

‘F Rockwell International

Rocketdyne Division PM-9
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MAIN INJECTOR DESIGN CONSIDERATIONS

® INJECTOR OPERATIONS CONDITIONS
® INJECTOR ELEMENT DESIGN

e SELECTION OF INJEGTION ELEMENT

o ARRANGEMENT OF ELEMENTS
® COMBUSTION STABILITY CONSIDERATIONS

86D-9-1922

‘F’ Rockwell International 7-21-0

Rocketdyne Division PH-13
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MAIN INJECTOR OPERATING CONDITIONS

ENGINE CONFIGURATION NUMBER 1 2 3 4 5 6
PROPELLANT COMBINATION LOX/RP-1 LOX/ C3Hg LOX/CH, LOX/RP-1 LOX/C,Hg LOX/CH,
Nc*, % 96 97 97 96 97 97
Pc, psia 2350 3407 3495 4165 4170 4200
W Ox, Ib/s 1827 1773 1790 1758 1759 1775
WFI Ib/s 652 572 511 628 567 507
MR, O/F 28 31 35 28 3.1 35
P INJ Ox, psia 2850 4089 4194 4998 5004 5040
TINJ Ox, °R 163 163 163 163 163 163
P INJ FI, psia 2820 4089 4194 4998 5004 5040
TINJFL, °R 969 611 534 520 160 210
FUEL INJ STATE LIQ LIQ GAS LiQ LIQ LIQ
INJECTOR DIAMETER, in. 253 20.7 204 187 18.6 18.6

86D-9-1923

‘F’ Rockwell International

Rocketdyne Division

PH-15
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INJECTOR ELEMENT DESIGN

® CONSIDERATIONS

e PERFORMANCE

e STABILITY

e HARDWARE COMPATIBILITY
e PRODUCIBILITY

e DURABILITY

e EXPERIENCE

® CANDIDATE ELEMENTS

e LIQUID/LIQUID
* LIKE IMPINGING
* UNLIKE IMPINGING
* NONIMPINGING

e GAS/LIQUID
* IMPINGING
* NONIMPINGING

86D-9-1924

‘P’ Rockwell International

Rocketdyne Division PM-17
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CANDIDATE INJECTOR ELEMENTS

LIQUID/LIQUID GAS/LIQUID
ELEMENT ELEMENT _ ELEMENT
ELEMENT CONFIGURATION ELEMENT CONFIGUHATION ELEMENT CONFIGURATION
DESIGNATION (FLOW DIRECTION) DESIGNATION (FLOW DIRI:CTION) DESIGNATION (FLOW DIRECTION)
-»
7 UNLIKE
oBLEr COAXIAL |ruer Nmn_q TRIPLET
(1ON1) (WITHOUT ox— - do dg (20N1)
SWIRLER) PR i
®o K i [ Jol)
UNLIKE LIKE UNLIKE
TRIPLET DOUBLET . q.muﬁ_w
(20N 1) {10N1) e
M\.W\.\ . .
eQe “ or W s .A.UO
QUADLET - COAXIAL 5SS ewllum
{20N2) SHOWERHEAD R &ﬁﬂ:. —
oe e, o o o RECESS—] |—
00, oy o :
ox =N MOV
UNLIKE NS 7] v 8 S
PENTAD VARIABLE COAXIAL
(¢ON1) AREA . (WITHOUT
° {PINTLE) N SWIRLER)
oo FUEL \é\ =
° ANNULUS mm
COAXIAL DOUBLET
(WITH a.wr_»q,qu (1ON1)
SWIRLER) ° o
. [[1} o
RECESS——| |—=—

86D-9-1925

‘F‘ Rockwell International

Rocketdyne Division PM-19
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INJECTOR ELEMENT SELECTION TRADE STUDY

ELEMENT CONFIGURATIONS
LIKE DOUBLET TRIPLET UNLIKE DOUBLET COAXIAL
TRADE FACTOR LIQ/LIQ | GAS/LIQ | LIQ/LIQ | GAS/LIQ | LIQ/LIQ | GAS/LIQ | LIQ/LIQ | GAS/LIQ
ATOMIZATION 3 3 3 3 3 3 2 3
MIXING 2 1 3 2 3 2 2 3
THROTTLEABLE 3 TBD 2 2 2 TBD TBD 2
STABILITY 3 2 2 TBD 2 TBD TBD 3
COMPATIBILITY 3 3 2 2 2 2 3 3
PRODUCIBILITY 3 3 3 3 3 3 2 3
EXPERIENCE 3 1 3 2 3 1 1 3
TOTAL 20 13 18 14 18 11 10 20
3-HIGH 2-MEDIUM 1-LOW
o
)}
o)}
&
o)
©
[oe]
‘F Rockwell International
Rocketdyne Division PM-21
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LIQUID/LIQUID INJECTOR ELEMENT SELECTION

® ENGINE CONFIGURATION

® ENGINE 1 - LOX/RP-1

® ENGINE 2 - LOX/PROPANE

® ENGINE 4 - LOX/RP-1, H2 COOLED

® ENGINE 5 - LOX/PROPANE, H, COOLED
® ENGINE 6 - LOX/METHANE, H. COOLED

® ELEMENT SELECTION

¢ IMPINGING LIKE DOUBLET
PROVEN/EXPERIENCE
STABLE

PERFORMANCE
CHAMBER COMPATIBLE
PRODUCIBLE

86D-9-1926

‘F Rockwell International
Rocketdyne Division PM-23 10-39-0
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GAS/LIQUID INJECTOR ELEMENT SELECTION

® ENGINE CONFIGURATION

e ENGINE 3 — LOX/METHANE
® ELEMENT SELECTION

e COAXIAL

* PROVEN/EXPERIENCE

e STABLE

* PERFORMANCE

e CHAMBER COMPATIBILITY
* PRODUCIBILITY

86D-9-1927

‘F’ Rockwell International

Rocketdyne Division PM-25

10-32-0




92-1d

*031S17 3dv SNOILVYIQISNOD NOILVINITYO INIWIT3
ONV N¥311V¥d IN3W3I13 A3 "3Y3H QITJIINIGI WY SLNIWIAINDIY LINIWIINVYYV INIW3T3

SIN3WIYINDIY LNIWIONVUUY INIWI13




ELEMENT ARRANGEMENT REQUIREMENTS

® PATTERN

® MASS FLUX UNIFORMTIY

e MIXTURE RATIO UNIFORMITY

e INTERELEMENT MIXING (IMPINGING)
® ORIENTATION

e HEAT TRANSFER RATE

e HARDWARE COMPATIBILITY

* CHAMBER WALL
* BAFFLES

86D-9-1928

‘F’ Rockwell International

Rocketdyne Division PN-27 10-33-0
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ELEMENT ARRANGEMENT SELECTION

LIQUID/LIQUID GAS/LIQUID
® “BOX” PATTERN | ® SYMMETRICAL PATTERN
¢ PERFORMANCE ¢ PERFORMANCE
e ENHANCE ATOMIZATION * UNIFORM MASS FLUX ,
e SIMULATES COAXIAL ELEMENT ¢ UNIFORM MIXTURE RATIO 7
MIXING ﬁ
|
® STABILITY e STABILITY
e LIKE DOUBLET MIXING e EXPERIENCE BASE

® SIMULATES COAXIAL ELEMENT
® CHAMBER WALL COMPATIBILITY ® CHAMBER WALL COMPATIBILITY

e FUEL RICH BOUNDARY

86D-9-1929

‘F Rockwell International

Rocketdyne Division PH-29 10-40-0
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BASELINE LIQUID/LIQUID INJECTOR
ENGINES 1, 2, 4, 5, AND 6

PATTERN ELEMENT
L AN o o . a o |
| xdxxwxlﬁp.,l% .x%.,..wﬂ ke
| N AN AN AN LN bouBLET
\ : fp,o\ . .ff.x. . Xf\ .
PN ke
I Lox
pmf. <  ORIFICES /.
&N ATTT—FUEL
2 ORIFICES | LEGEND
. f\.. “FAN" POSITION
7 coumne \
v DOUBLET
.ﬁ v 04:”“0 OX
| N N DOUBLET

86D-9-1930

“BOX” PATTERN

‘F’ Rockwell International
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COMBUSTION STABILITY CONSIDERATIONS

® EXPERIENCE

® OPERATING CONDITIONS
e PROPELLANTS/TEMPERATURE
e CHAMBER PRESSURE
e MR/MASS DISTRIBUTION
e STREAM AND DROP SIZE/ATOMIZATION RATE/
CONCENTRATION
e MIXING/BURNING RATE

® GEOMETRY
e CHAMBER DIAMETER
¢ CHAMBER LENGTH
¢ INJECTION ELEMENT TYPE/SPACING/ORIENTATION
e ELEMENT ORIFICE DIAMETER

® STABILITY DEVICES
e BAFFLES — LENGTH
e ABSORBERS/CAVITIES — OPEN AREA AND
ORIENTATION
e LINERS

Rockwell International
Rocketdyne Division PM-35
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N

COMBUSTION STABILITY ANALYSES

® PRIEM
® RELATIVE STABILITY OF INJECTOR

® ASSUMES DROPLET EVAPORATION CONTROLS
* MODELS PHYSICAL EVAPORATION PROCESS
e DEPENDS ON ACCURATE DROPLET SIZE DATA

® SENSITIVE TIME LAG (N-TAU)

® STABILITY OF INJECTOR/CAVITY DESIGNS
e WIDE APPLICATION .

® DETAILED CHAMBER ACOUSTIC TREATMENT

¢ HUERISTIC COMBUSTION RESPONSE MODEL
e MODEL IMPLIED FROM AVAILABLE STABILITY DATA

® CSU EFFORT TO ANCHOR TO H-1 DATA
® ROCKETDYNE STREAM BREAKUP CORRELATION

e STABILITY OF INJECTOR DESIGNS
e FULL SIZE STABILITY DATA CORRELATION

® ASSUMES STREAM BREAKUP CONTROLS

¢ INCORPORATES STREAM BREAKUP PROCESS MODEL

Rockwell International
Rocketdyne Division PM-37
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LIQUID/LIQUID INJECTOR STABILITY

® STABILITY CONSIDERATIONS

® STABLE ELEMENT
® “BOX” PATTERN WITH COAX COMBUSTION

® BAFFLE CONFIGURATION

e ACTIVE INJECTION BAFFLE
e BIPROPELLANT COOLED BAFFLE

e LENGTH

BASELINE ALTERNATE

Rockwell International
Rocketdyne Division PM-39

10-20-0
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GAS/LIQUID INJECTOR STABILITY

® STABILITY CONSIDERATIONS

® EXPERIENCE
® STABLE COAXIAL ELEMENT
® BAFFLE CONFIGURATION

* ACTIVE INJECTION BAFFLE
* BIPROPELLANT COOLANT BAFFLE

BASELINE ALTERNATE
(NO BAFFLES)

Rockwell International

Rocketdyne Division

PH-41
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‘F’ Rockwell International

Rocketdyne Division

COMBUSTION CHAMBER
AND NOZZLE

PH-43
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COMBUSTION CHAMBER/NOZZLE
DESIGN CONSIDERATIONS

® OPERATING CONDITIONS
® COOLANT TYPE AND FLOW
® PRESSURES
® HEAT LOADS
® LIFE REQUIREMENTS

® COOLANT FLOW CIRCUIT

® SINGLE PROPELLANT REGENERATIVE (SERIES OR PARALLEL)
® DUAL PROPELLANT REGENERATIVE
® FILM —BLC

® CONFIGURATION
® COOLANT PASSAGES
e CHANNEL
e TUBES
® COMBUSTOR CONTOUR
e LENGTH
e CONVERGENCE ANGLE
e CONTRACTION RATIO
* NOZZLE ATTACHMENT POINT
® NOZZLE SIZING
e SHAPE
e |LENGTH
e EPSILON

‘F’ Rockwell International

Rocketdyne Division

86D-9-1938

PM-45 : -260
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CHAMBER/NOZZLE OPERATING CONDITIONS

ENGINE CONFIGURATION NUMBER 1 2 3 4 5 6
COOLANT TYPE PROPELLANT RP-1 C;Hg CH, H, H, H,
CHAMBER CLNT FLOW, Ib/s 382 339 303 31 32 39
P INLET, psi 6673 6050 5933 6062 6070 6122
AP, psi 3853 1706 1477 960 962 977
T INLET, °R 520 160 210 38 38 38
T OUTLET, °R 849 510 460 552 544 463
NOZZLE CLNT FLOW, Ib/s 271 339 303 31 32 39
P INLET, psi 3468 4515 4604 5102 5108 5145
AP, psi 648 171 148 96 96 98
TINLET, °R 520 160 210 552 544 463
T OUTLET, °R 1139 711 608 1431 1409 1175
o
IYs]
(o))
¢
]
©
0
‘F’ Rockwell International
Rocketdyne Division PM-47
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CHAMBER/NOZZLE GEOMETRY

ENGINE CONFIGURATION NUMBER 1 2 3 4 5 6

COOLANT TYPE PROPELLANT RP-1 CaHs CH, H, H, H,

DIA THROAT, in. 154 12.6 124 114 113 113
DIA CHAMBER, in. 253 20.7 20.4 18.7 18.6 18.6
CONTRACTION RATIO 27 2.7 27 2.7 2.7 2.7
L. CHAMBER, in. 16.9 144 14.2 13.2 13.2 13.2
EPSILON, NOZZLE ATTACH 70 70 70 70 7.0 7.0
L NOZZLE, in. 123.2 119.5 1179 117.0 117.0 116.0
EPSILON, NOZZLE 429 56.9 571 64.3 64.9 64.6

86D-9-1939

‘F’ Rockwell International

Rocketdyne Division

PN-49
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COMBUSTION CHAMBER/NOZZLE DESIGN GROUNDRULES
o

COMPONENT GROUNDRULE ADVANTAGE
COOLANT JACKET COOLANT BULK TEMP LIMIT (°R) AVOID COKING
e RP-1— 1060-1200
e C;H, — 1320
e CH, — 1760
HOT GAS WALL TEMP LIMIT (°R) — 1560 LIFE
COMBUSTION CHAMBER | COOLANT PASSAGE MATERIAL — COPPER ALLOY HEAT TRANSFER
COOLANT PASSAGE GEOMETRY
e CHANNELS — SLOTTED HEAT TRANSFER
o DEPTH/WIDTH — <5 FABRICATION

CONTOUR GEOMETRY
e CYLINDRICAL LENGTH — 3 in
p e CONVERGENCE ANGLE — 25.4 deg
e CONTRACTION RATIO — 2.7 PERFORMANCE
e EXPANSION RATIO — 7.0

NOZZLE COOLANT PASSAGE MATERIAL — A286 HIGH STRENGTH,
COMPATIBILITY
COOLANT PASSAGE GEOMETRY —- TUBE WEIGHT
CONTOUR GEOMETRY
o LENGTH — 80% BELL PERFORMANCE, WEIGHT
e EXIT PRESSURE — 6 psia (ODE) PERFORMANCE

86D-9-1998:

‘F’ Rockwell International

Rocketdyne Division PM-51
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TYPICAL MAIN COMBUSTION CHAMBER

ACOUSTIC
CAVITY

P
INJECTOR N

FACE ! *
« wﬁ:.
\_ UPPER
/ CONVERGENT
REGION
/ (25.4°)
\ |
]
G THROAT yu.lllll

ﬁ.
quo>m\\\\\\ﬁw\\\\\\\\\
I

WALL

‘F’ Rockwell International

Rocketdyne Division PM-53

NOZZLE END

86D-9-1942
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TYPICAL NOZZLE

AFT
MANIFOLD

‘ DRAINLINE
\/
_ I' Wy =
)
1

JACKET

COOLANT A

X )
TUBES —\\ | j _ ‘
\ . ,_ < \ ‘ FUEL

\
\
\ N

AFT MANIFOLD—

z

86D-9-1943

COOLANT TUBE

Rocketdyne Division PM-55
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CHAMBER/INJECTOR ASSEMBLY TRADE STUDY

ENGINE BALANCE

® Pc, TEMP, FLOW
e SIZE

o PROPELLANT

[ ] JO.»

86D-9-1997:

SIZE ELEMENTS,
SELECT STABILITY
AIDS
SELECT INJECTOR ESTABLISH mwm_\_,m_m_wuo
ELEMENT CONFIG, —®}e SDER, CICM ~»  COST WEIGHT, VEHICLE LG
ARRANGEMENT e PRIEM, RISK FACTORS
STREAM BREAKUP . COMPARISONS
INCREASE/DECREASE omqmmxﬁw“u AT
CHAMBER CONTRACTION j——p| COOLA ERFORM
RATIO, LENGTH ENGINE PERFCRM-

ANCE IMPACT

‘»’ Rockwell International

Rocketdyne Division

PH-57

RANK AND
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ASSEMBLY
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CHAMBER/INJECTOR ASSEMBLY TRADE STUDY

RESULTS

BASELINE

NEW

LCC ANALYSIS

ENGINE [Do/Dp | €c/L [STABILITY AIDS

Do/DF

€c/L | STABILITY AIDS

A$

AWT

ARISK

ALCCENG

ALCCyEH

1 2.7/169
2 27/144
3 27/14.2

4 27/132
5 27/13.2

6 27/132]
11 27/144
12 2.7/13.6

18 27/11.2

86D-9-1996

‘F’ Rockwell International
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86D-9-1946

N

GAS GENERATOR INJECTOR
DESIGN CONSIDERATIONS

® OPERATING CONDITIONS

® INJECTION ELEMENT/ARRANGEMENT SELECTION
® COMBUSTOR SIZING
® COMBUSTION STABILITY

Rockwell international _
Rocketdyne Division PM-63
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GAS GENERATOR OPERATING CONDITIONS

ENGINE CONFIGURATION NUMBER

1 2 3 4 5 6
T/C PROPELLANT COMBINATION LOX/RP-1 | LOX/CsHs | LOX/CH, | LOX/RP-1 | LOX/C,H, | LOX/CH,
G.G. FUEL PROPELLANT RP-1 CsHs CH, H, H, H,
G.G. OXIDIZER PROPELLANT 0, 0, 0, 0, 0, 0,
Pc, psia 2349 3407 3495 4165 4170 4200
W Ox, Ib/s 46 29 38 10 10 18
W FI, Ib/s 1M 105 95 31 32 39
MR, O/F 0.41 0.27 0.40 0.30 0.32 0.46
P INJ Ox, psia 2820 4089 4194 4998 5004 5040
T INJ Ox, °R 163 163 163 163 163 163
P INJ FI, psia 2820 4089 4194 4998 5004 5040
TINJ FI, °R 520 611 534 1431 1409 1175
FUEL INJ STATE uQ LQ GAS GAS GAS GAS
EXHAUST TEMP, °R 2000 2000 2000 2000 2000 2000

86D-9-1947

‘F Rockwell International

Rocketdyne Division

PH-65




99-ld

*SY01I3NNI
QINDIT/SVY 3IHL ¥0d4 @3LI3I13S AINIWITI TVIXVOD V OGNV SHOLIILNI 99 AINDIN/AINGIN

OML 3HL Y04 NMOHS SI 1379000 ONIONIMWI 3ANIT Vv °S3INIONI 9 3HL 40 HIV3
404 3INIT3SvVE SY Q313373S INIW3T3 NOTLJI3ICNI 40 3dAL 3HL SLIN3ISIUd LUVHD SIHL

NOILJ313S LIN3W3T3 NOILI3ICNI YOLVI3NID SVI




GAS GENERATOR INJECTION ELEMENT SELECTION

PROPELLANT GG
NOZZLE/ INJECTION INJECTOR

ENGINE MAIN CHAMBER GG PHYSICAL ELEMENT
NUMBER FUEL COOLANT FUEL STATE TYPE

1 RP-1 RP-1 RP-1 LIQ/LIQ LIKE IMP

2 CsHs CsH, C3H, Lia/LIQ LIKE IMP

3 CH, CH, CH, LIQ/GAS COAX

4 RP-1 H, H, LIQ/GAS COAX

5 CsH, H, H, LIQ/GAS COAX

6 CH, H, H, LIQ/GAS COAX

86D-9-1948
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Rockwell International
Rocketdyne Division
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86D-9-1952

n

BASELINE GG ELEMENT SELECTION
RATIONALE

® LIKE DOUBLETS — LIQUID/LIQUID

e EXPERIENCE

e GOOD WALL COMPATIBILITY

e STABILITY

e GOOD ATOMIZATION AND MIXING CAN BE ACHIEVED
WITH SIZING AND FAN ORIENTATION

® COAXIAL — GAS/LIQUID

e EXPERIENCE

e VERY GOOD WALL CAPABILITY

e STABILITY

e ATOMIZATION AND MIXING VERY GOOD WITH HIGH AV
AND SMALL ELEMENTS

Rockwell International
Rocketdyne Division PM-69
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LIQUID/LIQUID GG INJECTOR BASELINE PATTERN

PATTERN

ENGINES 1 AND 2

FUEL
NN oXx

Se FUEL

PH-71

ELEMENT

LIKE .
DOUBLET FUEL
(1ON 1)

® O
FUEL OX

FUEL

Z

~
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GAS/LIQUID GG INJECTOR BASELINE PATTERN

ENGINES 3, 4, 5, AND 6
®
|
PATTERN ELEMENT
, SPARK—_ TORCH COAXIAL

IGNITER ﬁwp IGNITER

FUEL
OX

FUEL
SUPPLY

OXIDIZER
SUPPLY

GG BODY

// FACE PLATE

[
=

INJECTOR
ELEMENTS

86D-9-1951

TO TURBINE

‘F’ Rockwell International

Rocketdyne Division PM-73
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GAS GENERATOR COMBUSTOR
DESIGN CONSIDERATIONS

® OPERATING REQUIREMENTS

® FACILITATE ATOMIZATION BY CONTROLLING VELOCITIES
® FORCE MIXING OF FUEL RICH PROPELLANTS

® DELIVER UNIFORM HOT-GAS (COMPLETE COMBUSTION) TO
TURBINE

® INTERFACE WITH TURBINE
® CONFIGURATION

® SHAPE — MAXIMIZE MIXING/MINIMIZE HOT SPOTS
e AXIAL FLOW

e REVERSE FLOW
e AXIAL/SIDE OUTLET
® SIZE — ALLOW FOR COMPLETE COMBUSTION
e LENGTH/VOLUME — STAY TIME
* DIAMETER — INJECTION EL.LEMENT PATTERN
® MIXING ENHANCEMENT DEVICES
* TURBULENCE RING
e FLOW DIRECTION CHANGE A

Rockwell international
Rocketdyne Division PM-75 7-27-0
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GAS GENERATOR ASSEMBLY TRADE STUDY

ENGINE BALANCE

e P, TEMP, FLOW
e PROPELLANT

SIZE INJECTOR
ELEMENTS,
COMBUSTOR — SELECT
SELECT INJECTOR | | STABILITYADS SN ESTABLISH RANK AND
ELEMENT CONFIG, — +—P| CEHioLE Lo P COSTWEGHT |—|  SELECT GG
ARRANGEMENT : wm_ma_. M COMPARISONS RISK FACTORS ASSEMBLY
STREAM BREAKUP

A 4

INCREASE/DECREASE
COMBUSTOR CONTRACTION
RATIO, LENGTH
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IGNITION SYSTEMS CONSIDERED

® HYPERGOLIC FUEL

® SPARK TORCH

® PYROTECHNIC

® DIRECT SPARK

® COMBUSTION WAVE

® HYPERGOLIC OXIDIZER

86D-9-1958

Rockwell International
‘P’ ockwell Internation 7-11-0

Rocketdyne Division PM-83
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IGNITION SYSTEM TRADE FACTORS

® DEVELOPMENT MATURITY
® COST |

® WEIGHT

® EXTERNAL POWER

® COMPLEXITY

® RELIABILITY

® HEALTH MONITORING (IGNITION DETECT)

® SAFETY

6D-9-1959

8

‘F’ Rockwell International _
7-10-1

Rocketdyne Division PM-85



98-lid

‘€# INIONI ¥O0d Y3IAWVHI NIVW P43/%07 3HL ¥04 1538 WILSAS HOHOL
WVdS V"9 8§ ‘v ‘2 ‘L# 3INIONI 04 SYIGWVHD NIVW Ywa/sxo1 anv .mzno\xo._
‘L-dd4/X07 3HL ¥04 1S38 SI W3ILSAS T3Nd JI09Y3dAH V LVHL Q3GNTINOD SVM
11 AGNLS SIHL 40 LINS3Y V SV °L-dY¥/X07 OL ¥VTIIWIS 38 OL QIWNSSY F43M 9 8 S ‘2
SINIONI ¥0d ezo\xo.d aNY m:mu\xo._ *SY0LIV4 3aVYL 3HL 40 HIVI 01 3AILIVIN
03LN3S3dd 34V SNOISNIINOD 3IHL °"S143IINOD 3NION3 3LVAIGNVD 3HL ¥0d SNOISNTINOD
AGNLS W3ILSAS NOILINOI ¥3IGWVYHD NIVW 3HL SIN3IS3dd 1¥VHD ONIMOTTO0O4 3HL

NOILI373S W3LSAS NOILINOI Y38WVHI NIWW




'MAIN CHAMBER IGNITION SYSTEM SELECTION

ENGINES 1 AND 4 ENGINE 2 ENGINE 3 ENGINES 5 AND 6
LOX/RP-1 LOX/C;H, LOX/CH, LOX/C;H, & LOX CH,
RECOMMENDED SYSTEM HYPERGOLIC FUEL | HYPERGOLIC FUEL SPARK TORCH HYPERGOLIC FUEL
DEV. MATURITY DEVELOPED * EXP. *
COST LOW LOW MODERATE LOW
WEIGHT LOW LOW MODERATE LOW
EXT. POWER PRES. FUEL PRES FUEL MINIMAL PRES. GN,
COMPLEXITY LOW LOW LOW LOW
HEALTH MONITORING DETECTOR SWITCH | DETECTOR SWITCH EX. MONITOR DETECTOR SWITCH
SAFETY EX. RECORD TED* INHERENT TBD*
RELIABILITY HIGH TED* TBD* TBD*

*LOX/C3Hy AND LOX/CH, IGNITION FOR ENGINES 2, 5 AND 6 ASSUMED TO BE SIMILAR TO LOX/RP-1 AND
LOX/CH, IGNITION FOR ENGINE 3 ASSUMED TO BE SIMILAR TO LOX/H,

HYPERGOLIC FUEL BEST IF MULTIPLE IGNITION SCURCES REQUIRED AND/OR IF SIMPLE
HYPERGOL SYSTEM CAN BE DEVELOPED TO WORK WITH CRYOGENIC FUELS (C,H, AND CH,)

86D-9-1960

‘F’ Rockwell Internationail

Rocketdyne Division

PM-87
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GAS GENERATOR IGNITION SYSTEM SELECTION

ENGINE 1 ENGINE 2 ENGINE 3 ENGINES 4, 5 AND 6
LOX/RP-1 LOX/C3H, LOX/CH, LOX/H,
RECOMMENDED SYSTEM PYROTECHNIC PYROTECHNIC SPARK TORCH SPARK TORCH

DEV. MATURITY DEVELOPED TED* EXP. DEVELOPED
CoSsT MODERATE MODI=RATE MODERATE MODERATE
WEIGHT LOW LOW MODERATE MODERATE
EXT POWER MINIMAL MINIMAL MINIMAL MINIMAL
COMPLEXITY Low LOW LOwW Low
HEALTH MONITORING LINK BREAK LINK BREAK EX. MONITOR EX. MONITOR
SAFETY EX. RECORD TED* INHERENT INHERENT
RELIABILITY HIGH TED* TBD* HIGH

*LOX/C4Hg GG IGNITION ASSUMED TO BE SIMILAR TO LOX/RP-1, LOX/CH4 GG IGNITION ASSUMED
TO BE SIMILAR TO LOX/H,

86D-9-1961

o\

Rockwell International
Rocketdyne Division

PH-89
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STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
©® INTRODUCTION ...ccoueeireirerenresseesesarsnassassassassessssssssssssssssstssssssassassasessossassssssasssssssns F. KIRBY
® TASK 1 SUMMARY ....ccceuiieireireiseisectensnessesrasrassesssssasssssssssssnssssssssssssassasassssesassasssses A. WEISS
e TASK 2 STATUS REVIEW
e SUBSYSTEM OPTIMIZATION APPROACH......cccccereevimrrecrenncneennsinennns A. WEISS
e TURBOMACHINERY STUDIES.....cccoceittiteitectnrntentesctnssascessescassssssnas A. EASTLAND
o COMBUSTION DEVICES STUDIES ......cccceciimrreimncnesnosennimeniesieaneneene P. MEHEGAN
v ¢ THROTTLING ON-DESIGN/ O_u_...-_um.m_mz STUDY ..cccrerrereerencenrenenens W. BISSELL
D. NGUYEN
e CONTROL SYSTEM AND HEALTH MONITOR STUDIES............... R. BREWSTER
m ® SUMMARY ....coccreiemmimeimnicennincinenmmmmennsssssnssse eisaseasemsssessstestatsnaenerarsaranannreasnnanaranan A. WEISS
%
]
®
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86D-9-1973
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TASK 2 — SYSTEM ANALYSES FLOW DIAGRAM

FIXED DESIGN POINT ANALYSIS

750K ENGINE
e THRUST CHAMBER
e TURBOMACHINERY

!

THROTTLING ENGINE
EVALUATION

REEVALUATE FIXED POINT
DESIGN AGAINST THROTTLING

DESIGN

THROTTLING ENGINE DESIGN ANALYSIS

THROTTLING ENGINE
o PRELIMINARY COMPONENT DEFINITIONS
o DESIGN POINT BALANCES

¢

SENSITIVITY/OFF-DESIGN STUDY

CONTROL ANALYSIS
e CONTROL VALVE REQUIREMENTS
® ENGINE THROTTLEABILITY

4

'

VALVE AND ACTUATOR
CANDIDATES

o DEFINITIONS

® DESIGN PARAMETERS

'

VEHICLE LCC IMPACT ANALYSES

R

CONTROL SYSTEM CANDIDATE
DEFINITIONS

e HEALTH MONITORING

e CONTROLLER

¢ INSTRUMENTATION

<

¥

L 2

Rockwell International
Rocketdyne Division

GENERATE OPTIMIZED
ENGINE BALANCES

WB-3
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86D-9-1889

THROTTLING ENGINE COMPONENT SELECTION
FOR LOX/RP-1 AND LOX/CH4 ENGINES

COMPONENT/PARAMETER TYPE/VALUE* REASON
TURBOPUMP 750K SUCTION PERFORMANCE
THRUST CONTROL GG VALVES RESPONSE
T/C MR CONTROL MAIN VALVES RESPONSE
MINIMUM VALVE AP/Pc 0.1 AT 750K CONTROLLABILITY
MINIMUM INJECTOR AP/Pc 0.2 AT 625K STABILITY
COOLING JACKET 100 MISSION LIFE AT 625K NOMINAL THRUST
NOZZLE DESIGN EXIT PRESSURE 6 psia AT 625K NOMINAL VALUE

CHAMBER PRESSURE DESIGN
CRITERION

® FUEL-COOLED

® LH2-COOLED

MAXIMUM Ispyac AT 750K

3 STAGE LH2 PUMP
TIP SPEED LIMIT AT 750K

HIGH PERFORMANCE
AND LOW INERT WEIGHT

HIGH PERFORMANCE
AND LOW INERT WEIGHT

o\

"PERFORMANCE RELATED CRITERIA, ALL COMPONENT WEIGHTS REFLECT 750K STRESSES

Rockwell International
Rocketdyne Division

10-46-0
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GG CYCLE PERFORMANCE OPTIMIZATION

370

OPTIMUM
LH2-COOLED
| (LH2 PUMP
UTipL
v TIP _Z__._.Vw".mu
\‘
360 |— o
C) . _
W o
| g
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W 350f e
|
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w
a
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s
3
5
2
< 330
<
> 320 | 1 |
> 0 1000 2000 3000 4000
a CHAMBER PRESSIRE, P (PSIA)
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. ‘F Rockwell International
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86D-9-1887

EFFECT OF
FUEL-COOLED
ENGINE CHAMBER
PRESSURE ON
SPECIFIC IMPULSE

‘»’ Rockwell International

Rocketdyne Division

330} LOX/RP-1, RP-1 COOLED
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ENGINE PERFORMANCE FOR VEHICLE DESIGN CONDITION

330

320

310

SPECIFIC IMPULSE, sec

300

290

280

86D-9-1994

ENGINE OUT 625K
FOR DESIGN
CONDITION

PERFORMANCE
FOR DESIGN
CONDITION

| 1 | 1 )

0 0 20 30 40 50 60 70 80

ALTITUDE, FTX10?

‘F’ Rockwell International
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ANALYTICAL RELATIONSHIPS

® VEHICLE AW nert” = -638(Ispava - Isprer ava) + 1.61(6) (W - Wrer) -848(ps -ps rer)
o _MU><D ~ _m“uw\_-—s_z + O.Nm:wv<>0—$_z = _WUW\P.Z__ZV

o _ MRe +1

P MRe 1

pPo PF

*VEHICLE EXCHANGE FACTOR FROM STAS CONTRACTORS

86D-9-1884

‘F Rockwell International

Rocketdyne Division WB-13 10-45-0
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EFFECT OF DESIGN CHAMBER PRESSURE ON VEHICLE

1600
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VEHICLE INERT WEIGHT DIFFERENTIAL, AW, Ib.

~-200

L\

Rocketdyne Division

INERT WEIGHT FOR ENGINE 1
LOX/RP-1, RP-1 COOLED

CONCLUSION:
THE FUEL-COOLED ENGINE OPTIMIZED
FOR VACUUM Igp AT 750k
YIELDS CLOSE TO MINIMUM
VEHICLE INERT WEIGHT

~ OPTIMUM
Igp VAC AT 750k

1
2400 2500 2600 2700 2800 2900
DESIGN CHAMBER PRESSURI= AT 750k OPERATING CONDITION, psia

Rockwell International

WB-15
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'FUEL-COOLED THROTTLING ENGINE
BALANCE SUMMARY

_ LOX/RP-1 LOX/CHg
ENGINE PARAMETER DESCRIPTION (ENGINE 1) (ENGINE 3)

ENGINE SEA LEVEL THRUST (kib) 750.00 750.00
ENGINE VACUUM THRUST (kIb) 850.10 838.76
ENGINE VACUUM ISP (s) 326.04 346.93
ENGINE SEA LEVEL ISP (s) 287.65 310.21
T/C VACUUM ISP (s) 339.25 358.10
GG VACUUM ISP (s) 137.65 160.71
MAIN CHAMBER PRESSURE (psia) 2468 3417
GG CHAMBER PRESSURE (psia) 2468 3417
ENGINE MIXTURE RATIO (O/F) 2421 2.998
T/C MIXTURE RATIO (O/F) 2.800 3.500
GG MIXTURE RATIO (O/F) 0.412 0.398
ENGINE FUEL FLOW RATE (lb/s) 762.2 604.8
ENGINE OXIDIZER FLOW RATE (Ib/s) 1845.2 18129
T/C FUEL FLOW RATE (Ib/s) 641.2 506.9
T/C OXIDIZER FLOW RATE (Ib/s) 1795.3 1774.0
GG GAS FLOW RATE (Ib/s) 170.9 136.7
COMBUSTOR JACKET DISCHARGE TEMPERATURE (°R) 842 456
NOZZLE JACKET DISCHARGE TEMPERATURE (°R) 1102 607
GG TEMPERATURE (°R) 2000 2000

86D-9-1890

‘F’ Rockwell International

Rocketdyne Division WB-17

10-31-0
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86D-9-1890-1

FUEL-COOLED THROTTLING ENGINE
BALANCE SUMMARY

(CONTINUED)
LOX/RP-1 LOX/CHg
ENGINE PARAMETER DESCRIPTION (ENGINE 1) (ENGINE 3)

MAIN FUEL INJECTOR AP Avma\.* Pc) 592/24 683/20
MAIN OXIDIZER INJECTOR AP Auma\e\e Pc) 592/24 820/24
GG FUEL INJECTOR AP Auma\e\a Pc) 592/24 683/20
GG OXIDIZER INJECTOR AP Anma\o\e Pc) 5§92/24 820/24
FUEL PUMP SPEED 35; 12,030 18,262
OXIDIZER PUMP SPEED AGBV 12,030 13,140
HPFP DISCHARGE PRESSURE (psia) 3863 5220
HPOP DISCHARGE PRESSURE Avmmmv 3455 4784
FKP DISCHARGE PRESSURE Avmmmv : 7530 6383
HPFP EFFICIENCY (%) 73.53 71.59
HPOP EFFICIENCY (%) 80.69 79.92
FKP EFFICIENCY (%) 65.29 80.76
HPFT EFFICIENCY (%) 62.82 72.19
HPOT EFFICIENCY (%) N/A 76.94
HPFT HORSEPOWER :_E 60,315 47,687
HPOT HORSEPOWER ?E N/A 39,218
ENGINE WEIGHT (ib) 7354 7713
MFV-1 AP/Pc (%) 10.0 10.0
MFV-2 AP/Pc (%) 10.0 10.0
MOV AP/Pc (%) , 10.0 10.0
GGFV AP/Pc (%) 29.5 10.0
GGOV AP/Pc (%) 10.0 10.0

‘F’ Rockwell International 10-30-0

Rocketdyne Division WB-19
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LH2-COOLED THROTTLING ENGINE
P BALANCE SUMMARY

LOX/RP-1/LH2 LOX/CHg4/LH2
ENGINE PARAMETER DESCRIPTION (ENGINE 4) (ENGINE 6)

ENGINE SEA LEVEL THRUST (kiIb) 750.00 750.00
ENGINE VACUUM THRUST (kib) 833.70 832.91
ENGINE VACUUM ISP (s) 345.85 358.73
ENGINE SEA LEVEL ISP (s) 311.13 323.03
T/C VACUUM ISP (s) 345.52 359.02
GG VACUUM ISP (s) 364.69 347.00
MAIN CHAMBER PRESSURE (psia) 4025 4075

GG CHAMBER PRESSURE (psia) 4025 4075

T/C MIXTURE RATIO (O/F) 2.800 3.500

GG MIXTURE RATIO (O/F) 0.340 0.474
T/C AND ENGINE FUEL FLOW RATE (ib/s) 623.3 503.5
ENGINE OXIDIZER FLOW RATE (Ib/s) 1755.8 1780.3
T/C OXIDIZER FLOW RATE (Ib/s) 1745.2 1762.3
LH2 FLOW RATE (lb/s) 31.4 38.0

GG GAS FLOW RATE (Ib/s) 41.9 56.0
COMBUSTOR JACKET DISCHARGE TEMPERATURE (°R) 532.9 453.2
NOZZLE JACKET DISCHARGE TEMPERATURE (°R) 1369.9 11425
GG TEMPERATURE (°R) 2000.0 2000.0

86D-9-1974

‘F’ Rockwell International

Rocketdyne Division WB-21

6-100-0
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LH2-COOLED THROTTLING ENGINE

BALANCE SUMMARY

(CONTINUED)
LOX/RP-1/LH2 LOX/CH4/LH2
ENGINE PARAMETER DESCRIPTION (ENGINE 4) (ENGINE 6)
MAIN FUEL INJECTOR AP (psid/% Pc) 966/24 978/24
MAIN OXIDIZER INJECTOR AP (psid/% Pc) 966/24 978/24
GG FUEL INJECTOR AP (psid/% Pc) 805/20 815/20
GG OXIDIZER INJECTOR AP (psid/% Pc) 966/24 978/24
MAIN TURBOPUMP SPEED (rpm) 13,300 13,370
LH2 TURBOPUMP SPEED (rpm) 60,000 60,000
FUEL PUMP DISCHARGE PRESSURE (psia) 5635 5705
LOX PUMP DISCHARGE PRESSURE (psia) 5635 5705
LH2 PUMP DISCHARGE PRESSURE (psia) 6578 6672
FUEL PUMP EFFICIENCY (%) 77.6 72.7
LOX PUMP EFFICIENCY (%) 78.7 78.8
LH2 PUMP EFFICIENCY (%) 70.1 72.4
MAIN TURBINE EFFICIENCY (%) 50.1 52.3
LH2 TURBINE EFFICIENCY (%) 50.1 52.3
MAIN TURBINE HORSEPOWER (hp) 69,050 85,600
LH2 TURBINE HORSEPOWER (hp) 16,710 19,570
ENGINE WEIGHT (Ib) 7334 7515
MFV AP/Pc (%) 10.0 10.0
MH2V AP/Pc (%) 25 2.5
MOV AP/Pc (%) 10.0 10.0
GGH2V AP/Pc (%) 10.0 10.0
GGOV AP/Pc (%) 10.0 10.0

Rockwell International

Rocketdyne Division

WB-~23

6-101-1
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PRELIMINARY STEADY-STATE
OFF-DESIGN STUDY

® ENGINE 1 — LOX/RP-1, RP-1 COOLED

® ENGINE 3 — LOX/CH4, CH4 COOLED

86D-9-1852

‘F’ Rockwell International
10-41-0

Rocketdyne Division DN-1
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OBJECTIVE AND ANALYTICAL APPROACH

® OBJECTIVE

o SELECT THRUST AND MIXTURE RATIO CONTROL VALVES BASED
ON:

¢ MINIMUM VEHICLE INERT WEIGHT

* MINIMUM PROPELLANT CONSUMPTION
* MAXIMUM VALVE AP MARGINS

* ENGINE SENSITIVITIES

* START/CUTOFF REQUIREMENTS

® ANALYTICAL APPROACH

e UPGRADE EXISTING BOOSTER ENGINE OFF-DESIGN CODE TO
MODEL DETAILED STEADY-STATE OPERATION OF THE LOX/HC
ENGINES

e CONDUCT SENSITIVITY STUDY ON CONTROL VALVES

e PERFORM ENGINE THROTTLING PERFORMANCE ANALYSIS WITH
DIFFERENT THRUST AND MIXTURE RATIO CONTROL OPTIONS

Rockwell International
Rocketdyne Division DN-3

6-56-0
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ENGINE 1 FLOW SCHEMATIC

LOX/RP-1, RP-1 COOLED
FUEL
LOX E ] FUEL
PUMP E: LOX/FUEL 2R FUEL 2 PUMP
TURBINE KICK j
PUMP
1 V,
4
MOV Wﬂ MEV-2 E % MFV-1

‘F’ Rockwell International

Rocketdyne Division




9-Ma b/4L501

“INIINT (2 INIONI) mzmo\xoq JHL SINISIY43Y 0STV 11 "0310NLS 9INI3E
SINIONI (€ INTIINI) e:o\xca 037002-73n4 3HL 40 LINJYII MOT4 3FHL ST SIHL

JTLVWIHIS MOT4 € INIINI




86D-9-1855

o\

LOX

ENGINE 3 FLOW SCHEMATIC
LOX/CHa, CH4 COOLED

PUMP |

LOX
TURBINE

FUEL

FUEL

KICK

PUMP
FUEL £ m 4 FUEL
TURBINE .£ PUMP

A
A

GGov

20<%

CALIBRATION
Om:..._O.m

Rockwell International
Rocketdyne Division

MFV-2 & & MFV-1

Di-7
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LH2-COOLED ENGINE FLOW SCHEMATIC
ENGINES 4, 5, AND 6

FUEL H2

L MAIN FUEL K
TURBINE PUMP
/]

\V B 4

A Lox
PUMP

N MFV L_ MH2V

Y

MOV

Rockwell International
Rocketdyne Division DN-9
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OVERALL GROUNDRULES/ASSUMPTIONS

o
® MUST COMPLETE THE MISSION WITH EITHER SIX OR FIVE ENGINES
® ENGINE PARAMETERS TO BE CONTROLLED:
e ENGINE THRUST
| e ENGINE OR T/C MIXTURE RATIO
e COOLANT FLOW SPLIT
e GG MIXTURE RATIO (OPTIONAL)
® KEEP GG TEMPERATURE LESS THAN OR EQUAL TO 2000°R*
| ® MAINTAIN COOLANT FLOW SPLIT AT 50/50 OF ENGINE FLOW RATE*
W ® MINIMUM THRUST/MR CONTROL VALVE AP = 10% OF OPERATING Pc
_ ® CONSTANT BOOSTER ENGINE BURN TIME OF 160 s
* *ON-DESIGN OPERATING CONDITION
K

‘F‘ Rockwell International

Rocketdyne Division DN-11 10-22-0
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SENSITIVITY STUDY

® GROUNDRULES/ASSUMPTIONS
e VARY ONE VALVE AT A TIME AND REBALANCE THE ENGINE

e NO CONSTRAINT ON GG TEMPERATURE

e ONLY CONDUCT SENSITIVITY STUDY FOR ENGINE 1 —
LOX/RP-1, RP-1 COOLED

e EXPECT SIMILAR SENSITIVITIES FOR ENGINE 2 —
LOX/C3Hg, C3Hg COOLED AND ENGINE 3 — LOX/CH4, CH4
COOLED

Rockwell International
Rocketdyne Division "DH-13 10-37-0
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INFLUENCE COEFFICIENTS*

INDEPENDENT VARIABLES

DEPENDENT VARIABLES MFV-1 | MFV-2 | MOV | GGFV | GGOV

SEA LEVEL THRUST 0.045 | 0.039 0.080 | -0.443| 0.290
T/C MIXTURE RATIO -0.118 | -0.107 | 0.104 | 0.008 | -0.022
ENGINE MIXTURE RATIO -0.100 | -0.107 | 0.095 | -0.076 | 0.012
AVERAGE ISP -0.003 | -0.011 | 0.009 { -0.040 | 0.021

MAIN CHAMBER PRESSURE 0.073 | 0.065 | 0.146 | -0.394 | 0.244
GG CHAMBER PRESSURE | 0.023 | 0.053 | 0.106 | -0.415 | 0.376

GG TEMPERATURE - -0.005 | -0.072 |-0.003 | -0.389 | 0.198

*INFLUENCE COEFFICIENT = PERCENTAGE CHANGE IN DEPENDENT
VARIABLE PER ONE PERCENTAGE CHANGE IN THE INDEPENDENT
VARIABLE

86D-9-1858

‘P’ Rockwell International 6-60-0

Rocketdyne Division DH-15
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ENGINE THRUST SENSITIVITIES
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PERCENTAGE CHANGES IN VALVE EFFECTIVE FLOW AREA

86D-9-1859

‘F’ Rockwell International

Rocketdyne Division DN-17
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T/C MIXTURE RATIO SENSITIVITIES
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PERCENTAGE CHANGES IN VALVE EFFECTIVE FLOW AREA

Rockwell International

Rocketdyne Division

DN-19
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ENGINE MIXTURE RATIO SENSITIVITIES
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Rockwell International
Rocketdyne Division
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GG TEMPERATURE SENSITIVITIES

2
w
5
P 15 |-
M .
o GGOV
o 1
S
w
T
o 0.5 -
(0]
Z
* 0
u MOV, MFV-1/2
Z 05}
I
O
o -1
<
2
% -15
o GGFV
a 2 | I _ l | _ 1 | I
-5 . -4 -3 -2 -1 0 1 2 3 4 5

PERCENTAGE CHANGES IN VALVE EFFECTIVE FLOW AREA

Rockwell International
Rocketdyne Division DN-23
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MAIN CHAMBER PRESSURE SENSITIVITIES
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Rockwell International

Rocketdyne Division
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GG CHAMBER PRESSURE SENSITIVITIES

o

T

S 3

o)

o

w

18

o

T 2

th GGOV
s

£

o I

@ . MOV
Z ol —

w MFV-1/2
[1T]

15}

Z

r -

o

11}

o

< LK GGFV
2 .

w

£

w -3 | ] | | | l | | l |

. 5 -4 -3 -2 -1 0 1 2 3 4 5
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‘F’ Rockwell International

Rocketdyne Division DN-27
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PERFORMANCE SENSITIVITIES
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86D-9-1865

‘F’ Rockwell International

Rocketdyne Division
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SENSITIVITY STUDY

® RESULTS/CONCLUSIONS

e T/C AND ENGINE MIXTURE RATIOS ARE MUCH MORE
SENSITIVE TO MFV-1, MFV-2, AND MOV THAN OTHER
VALVES

e ENGINE THRUST IS MUCH MORE SENSITIVE TO GGOV
AND GGFV THAN OTHER VALVES

e GG TEMPERATURE IS MUCH MORE SENSITIVE TO GGOV
AND GGFV THAN OTHER VALVES

e USE MOV, MFV-1, OR MFV-2 FOR T/C OR ENGINE MIX-
TURE RATIO CONTROL

e USE GGOV AND/OR GGFV FOR THRUST AND/OR GG
MIXTURE RATIO CONTROL

e USE MFV-1 OR MFV-2 FOR COOLANT FLOW SPLIT
CONTROL

Rockwell International 10-26-0

Rocketdyne Division DN-31
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ENGINE THROTTLING PERFORMANCE ANALYSIS

® GROUNDRULES/ASSUMPTIONS

¢ MUST COMPLETE THE MISSION WITH EITHER SIX OR FIVE
ENGINES

e FIXED THROTTLED THRUST =625 klb AT SEA LEVEL
e KEEP GG TEMPERATURE LESS THAN OR EQUAL TO 2000°R*

e MAINTAIN COOLANT FLOW SPLIT AT 50/50 OF ENGINE FLOW
RATE*

e MINIMUM THRUST/MR CONTROL. VALVE AP = 10% OF OPERAT-
ING Pc

e CONSTANT BOOSTER ENGINE BURN TIME OF 160 s

e USE LOX/RP-1 ENGINE 1 AND LOX/CH4 ENGINE 3 WITH
625K NOZZLE AS “ON-DESIGN”

*ON-DESIGN OPERATING CONDITION

‘F’ Rockwell International 10-27-0

Rocketdyne Division DH-33
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86D-9-1868

THRUST AND MIXTURE RATIO CONTROL OPTIONS

FOR THROTTLING
T/C OR ENGINE THRUST CONTROL
ENGINE
MR CONTROL GGOV/GGFV USED* GGOV USED**
MFVs USED OPTION I OPTION it:
1. GGOV=THRUSTCONTROL | 1. GGOV=THRUST CONTROL
2. MFV-2 = MR CONTROL. 2. MFV-2 = MR CONTROL
3. MFV-1 = COOLANT 3. MFV-1 = COOLANT
CONTROL CONTROL
4. GGFV = GG MR CONTROL
NO. OF CONTROL VALVES =4 NO. OF CONTROL VALVES =3
MOV USED OPTION II: OPTION 1IV:

1. GGOV=THRUST CONTROL

2. MOV = MR CONTROL

3. MFV-2 = COOLANT
CONTROL

4. GGFV = GG MR CONTROL

NO. OF CONTROL VALVES =4

1. GGOV=THRUST CONTROL

2. MOV= MR CONTROL

3. MFV-2 = COOLANT
CONTROL

NO. OF CONTROL VALVES =3

o\

*GG MIXTURE RATIO IS CONTROLLED
**GG MIXTURE RATIO IS NOT CONTROLLED

Rockwell International
Rocketdyne Division

DN-35

6-59-2
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_.Ox\wv..._. ENGINE 1 BALANCE SUMMARY

WITH T/C MIXTURE RATIO CONTROL

86D-9-1869

THRUST AND MR CONTROL OPTION
ON

ENGINE PARAMETER DESCRIPTION DESIGN | " m v
ENGINE SEA LEVEL THRUST (kib) 750.00 625.00 625.00 625.00 625.00
ENGINE VACUUM THRUST (kib) 850.10 72512 725.14 725.12 725.12
AVERAGE ISP (s) 316.44 316.10 3156.92 312.81 312.71
ENGINE VACUUM ISP (s) 326.04 327.40 327.21 323.99 323.89
ENGINE SEA LEVEL ISP (s) 287.65 282.20 282.03 279.26 279.17
MAIN CHAMBER PRESSURE (psia) 2468 2118 2117 2111 2110
GG CHAMBER PRESSURE (psia) 2468 1742 1774 1952 1976
ENGINE MIXTURE RATIO (O/F) 2.421 2.477 2.472 2.386 2.383
T/C MIXTURE RATIO (O/F) 2.800 2.800 2.800 2.800 2.800
GG MIXTURE RATIO (O/F) 0.412 0.412 0.412 0.355 0.356
GG TEMPERATURE (°R) 2000 1991 1992 1791 1796
ENGINE FUEL FLOW RATE (Ib/s) 762.2 636.9 638.2 661.1 661.8
ENGINE OXIDIZER FLOW RATE (Ib/s) 1845.2 1577.8 1577.9 1577.0 1577.0
NUMBER OF THROTTLING VALVES USED (NONE) 8D 4 4 3 3
MFV-1 AP/Pc (%) 10.0 6.5 N/A 6.1 N/A
MFV-2 AP/Pc (%) 10.0 28.5 33.1 14.9 18.7
MOV AP/Pc (%) 10.0 N/A 114 N/A 113
GGFV AP/Pc (%) 29.5 52.4 53.1 N/A N/A
GGOV AP/Pc (%) 10.0 33.0 33.7 19.0 20.1
Rockwell International 10-25-0

Rocketdyne Division DN-37
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86D-9-1870

LOX/RP-1 ENGINE 1 BALANCE SUMMARY
WITH ENGINE MIXTURE RATIO CONTROL

THRUST AND MR CONTROL OPTION
ON

ENGINE PARAMETER DESCRIPTION DESIGN [ H m v
ENGINE SEA LEVEL THRUST (kiIb) 750.00 625.00 625.00 625.00 625.00
ENGINE VACUUM THRUST (kib) 850.10 725.12 725.12 725.12 725.13
AVERAGE ISP (s) 316.44 315.96 315.58 312.87 312.86
ENGINE VACUUM ISP (s) 326.04 327.25 326.86 324.06 324.04
ENGINE SEA LEVEL ISP (s) 287.65 282.07 281.73 279.31 279.30
MAIN CHAMBER PRESSURE (psia) 2468 2126 2123 2106 2105
GG CHAMBER PRESSURE (psia) 2468 1741 1806 1949 1959
ENGINE MIXTURE RATIO (O/F) 2.421 2.421 2.421 2.421 2.421
T/C MIXTURE RATIO (O/F) 2.800 2.728 2.742 2.849 2.850
GG MIXTURE RATIO (O/F) 0.412 0.412 0.412 0.353 0.354
GG TEMPERATURE (°R) 2000 1994 1991 1786 1790
ENGINE FUEL FLOW RATE (Ib/s) 762.2 647.6 648.5 654.3 654.2
ENGINE OXIDIZER FLOW RATE (Ib/s) 1845.2 1568.2 1569.9 1583.4 1583.6
NUMBER OF THROTTLING VALVES USED (NONE) TBD 4 4 3 3
MFV-1 AP/Pc (%) 10.0 3.0 N/A 7.3 N/A
MFV-2 AP/Pc (%) 10.0 20.7 30.9 25.7 20.9
MOV AP/Pc (%) 10.0 N/A 13.9 N/A 9.2
GGFV AP/Pc (%) 29.5 50.7 52.2 N/A N/A
GGOV AP/Pc (%) 10.0 33.0 241 19.3 19.1

10-24-0

Rockwell International

Rocketdyne Division DN-
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86D-9-1871

o\

LOX/CH4 ENGINE 3 BALANCE SUMMARY

WITH T/C MIXTURE RATIO CONTROL

THRUST AND MR CONTROL OPTION
ON

ENGINE PARAMETER DESCRIPTION DESIGN | " ] v
ENGINE SEA LEVEL THRUST (kIb) 750.00 625.00 625.00 625.00 625.00
ENGINE VACUUM THRUST (kib) 838.76 713.79 713.79 713.80 713.79
AVERAGE ISP (s) 337.75 337.40 337.00 334.45 334.98
ENGINE VACUUM ISP (s) 346.93 348.23 347.82 345.18 345.73
ENGINE SEA LEVEL ISP (s) 310.21 304.91 304.55 302.24 302.72
MAIN CHAMBER PRESSURE (psia) 3417 2921 2918 2917 2914
GG CHAMBER PRESSURE (psia) 3417 2439 2550 2616 2715
ENGINE MIXTURE RATIO (O/F) 2,998 3.070 3.053 2.908 2.937
T/C MIXTURE RATIO (O/F) 3.500 3.500 3.500 3.500 3.500
GG MIXTURE RATIO (O/F) 0.398 0.398 0.398 0.233 0.279
GG TEMPERATURE (°R) 2000 2002 2003 1648 1775
ENGINE FUEL FLOW RATE (Ib/s) 604.8 503.6 506.3 529.2 524.5
ENGINE OXIDIZER FLOW RATE (Ib/s) 1812.9 1546.2 1545.9 1538.7 1540.2
NUMBER OF THROTTLING <>r<mm USED (NONE) 8D 4 4 3 3
MFV-1 AP/Pc (%) 10.0 1.7 N/A 0.2 N/A
MFV-2 AP/Pc (%) 10.0 3.4 11.0 0.0 9.9
MOV AP/Pc (%) 10.0 N/A 15.2 N/A 17.7
GGFV AP/Pc (%) 10.0 34.2 28.8 N/A N/A
GGOV AP/Pc (%) 10.0 31.5 32.8 30.2 33.0

Rockwell International 10-23-0

Rocketdyne Division

DN-41
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LOX/CH4 ENGINE 3 BALANCE SUMMARY
WITH ENGINE MIXTURE RATIO CONTROL

THRUST AND MR CONTROL OPTION
ON

ENGINE PARAMETER DESCRIPTION DESIGN i n ] v
ENGINE SEA LEVEL THRUST (kIb) 750.00 625.00 625.00 625.00 625.00
ENGINE VACUUM THRUST (kib) 638.76 715.78 715.77 715.77 717.76
AVERAGE ISP (s) d37.75 337.32 336.76 333.99 334.32
ENGINE VACUUM ISP (s) <146.93 348.36 347.78 344.92 345.27
ENGINE SEA LEVEL ISP (s) 410.21 304.19 303.68 301.18 301.48
MAIN CHAMBER PRESSURE (psia) 4417 2940 2932 2916 2915
GG CHAMBER PRESSURE (psia) J417 2454 2607 2628 2680
ENGINE MIXTURE RATIO (O/F) 2.998 2.998 2.998 2.998 2.998
T/C MIXTURE RATIO (O/F) J3.500 3.408 3.439 3.603 3.586
GG MIXTURE RATIO (O/F) 0.398 0.398 0.398 0.247 0.269
GG TEMPERATURE (°R) 2000 2003 2001 1691 1752
ENGINE FUEL FLOW RATE (Ib/s) 604.8 514.0 514.8 519.2 518.5
ENGINE OXIDIZER FLOW RATE (Ib/s) 1812.9 1540.7 1543.3 1556.0 1554.5
NUMBER OF THROTTLING VALVES USED (NONE) TBD 4 4 3 3
MFV-1 AP/Pc (%) 10.0 0.5 N/A 3.9 N/A
MFV-2 AP/Pc (%) 0.0 0.0 10.8 43 10
MOV AP/Pc (%) 10.0 N/A 18.3 N/A 13.7
GGFV AP/Pc (%) 10.0 34.9 27.0 N/A N/A
GGOV AP/Pc (%) 10.0 30.9 336 29.7 313

‘F’ Rockwell International

Rocketdyne Division DN-43

10-28-0
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EFFECT OF CONTROL OPTIONS ON ENGINE 1
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EFFECT OF CONTROL OPTIONS ON ENGINE 1

LOX/RP-1, RP-1 COOLED
ENGINE MIXTURE RATIO CONTROL
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EFFECT OF CONTROL OPTIONS ON ENGINE 3

LOX/CH4, CH4 COOLED
T/C MIXTURE RATIO CONTROL
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AVERAGE ISP (s)
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EFFECT OF CONTROL OPTIONS ON ENGINE 3
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RESULTS/CONCLUSIONS

® THROTTLING REQUIREMENTS ARE MET BY BOTH ENGINE
CANDIDATES |

® GG MIXTURE RATIO CONTROL RESULTS IN SIGNIFICANT
BENEFIT ON ENGINE PERFORMANCE

® ENGINE PERFORMANCE WITH T/C MIXTURE RATIO CON-
TROL IS SLIGHTLY BETTER THAN THAT WITH ENGINE MiX-
TURE RATIO CONTROL

e NEED ENGINE THRUST CONTROL

® NEED T/C OR ENGINE MIXTURE RATIO CONTROL
® RECOMMEND COOLANT FLOW SPLIT CONTROL
® RECOMMEND GG MIXTURE RATIO CONTROL

86D-9-1879

‘F moorim__.zanmzo:m_ _o-mw-o
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86D-9-1880

N

RESULTS/CONCLUSIONS
(CONTINUED)

® SELECT CONTROL OPTION | FOR LOX/RP-1 ENGINE 1

e USE GGOV FOR THRUST CONTROL

e USE MFV-2 FOR T/C OR ENGINE MIXTURE RATIO CONTROL
e USE GGFV FOR GG MIXTURE RATIO CONTROL

e USE MFV-1 FOR COOLANT FLOW SPLIT CONTROL

® SELECT CONTROL OPTION 11 FOR LOX/C3Hg ENGINE 2 AND
LOX/CH4 ENGINE 3

e USE GGOV FOR THRUST CONTROL

e USE MOV FOR T/C OR ENGINE MIXTURE RATIO CONTROL
e USE GGFV FOR GG MIXTURE RATIO CONTROL

e USE MFV-2 FOR COOLANT FLOW SPLIT CONTROL

Rockwell International 10-38-0
Rocketdyne Division DN-59



STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
® INTRODUCTION .......oeererrecnnencnssessssnesessssssssesssasessssesesnsssssssssssssesessasasessssasessneans F. KIRBY
® TASK 1 SUMMARY ......couenrmreececncesenscsssesssssenesssssassssssasasessssssnsassssesssssssssesesenes A. WEISS
e TASK 2 STATUS REVIEW
e SUBSYSTEM OPTIMIZATION APPROACH .....cooecmmeeeeeereereseresseeseessseen. A. WEISS
e TURBOMACHINERY STUDIES.....cccceeutieuiimeeirennccssseecessenssrssssensesssssnns A. EASTLAND
® COMBUSTION DEVICES STUDIES ......coooeeueeeeemeereneeeeesessssssssessseens P. MEHEGAN
e THROTTLING ON-DESIGN/OFF-DESIGN STUDY ......oovrreeerereeeemene. W. BISSELL
D. NGUYEN
v« CONTROL SYSTEM AND HEALTH MONITOR STUDIES............... R. BREWSTER
® SUMMARY .....ocmrmrnuencrnssinsnnesssssaeessssssassessesssasssassesssessesssmsensssessssssasessasnsssensssans A. WEISS

86C-9-681-7

‘ ' Rockwell
International

Rocketdyne Division RB-1 1609m/26
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CONTROL AND CONDITION
MAINTENANCE SYSTEM AGENDA

e OBJECTIVE/APPROACH
e REQUIREMENTS

e GROUND RULES

qInTZ LON Mnv1g 39vVd OHNIA30IN

e COMPONENT CANDIDATES

e FINAL SELECTION APPROACH

86C-9-675

‘F Rockwell International

Rocketdyne Division

RB-3
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.\ 86C-9-674

STBE CONTROL AND CONDITION MAINTENANCE
SYSTEM STUDIES

e OBJECTIVE

e SELECT OPTIMUM CONTROL SYSTEM CONFIGURATION
FOR EACH CANDIDATE

e APPROACH

e IDENTIFY REQUIREMENTS
e IDENTIFY CANDIDATE SYSTEMS

e GENERIC ARCHITECTURE
e COMPONENT SELECTION

e PERFORM LIFE CYCLE COST ANALYSIS TO SELECT
OPTIMUM SYSTEM FOR EACH CANDIDATE

Rockwell International
Rocketdyne Division RB- m 1 @O@g \ nww
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CONTROL AND CONDITION MAINTENANCE SYSTEM
PERFORMANCE CONTFOL REQUIREMENTS

ENGINE CONTROL SYSTEM CONTROL SYSTEM
PARAMETER REQUIREMENT REQUIREMENT FUNCTIONS
THRUST 625 KLB OR 750 KLB THRUST CONTROL, ACCURACY

MIXTURE RATIO

COOLANT FLOW

TBD + 1.0%

COOLANT FLOW SPLIT

MR CONTROL, ACCURACY

COOLANT CONTROL

®CLOSED LOOP CONTROL
*PROPELLANT FLOW CONTROL

*FEEDBACK CAPABILITY

START THRUST BUILDUP RATE, CONTROL RESPONSE, ACCURACY
TIME oSYSTEM INTELLIGENCE
THROTTLING MAX UPTHRUST RATE CONTRQL RESPONSE, ACCURACY *HIGH ORDER LANGUAGE
SHUTDOWN THRUST DECAY RATE, CONTROL RESPONSE, ACCURACY
TIME, FAILSAFE
CONTROL SYSTEM FAIL-OP, FAILSAFE REDUNDANCY MANAGEMENT
™
~
©
o
(@)
©
0

‘ ’ Rockwell
International

Rocketdyne Division

RB-7
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86C-9-672

Ooz._.wo_. AND CONDITION MAINTENANCE SYSTEM
CONDITION MAINTENANCE REQUIREMENTS

PARAMETER

ENGINE
REQUIREMENT

CONTROL SYSTEM
REQUIREMENT

CONTROL SYSTEM
FUNCTION

GROUND SERVICING

'PRE-START CONDITIONING

START

DIAGNOSTICS

LIFE

RELIABILITY

NO SERVICING WITHIN
24 HOURS OF LOADING

NO EXTERNAL REDLINES

ONE START WITHOUT
RESERVICE

SELF DIAGNOSTIC

100 MISSIONS

25 MISSIONS TO
OVERHAUL

MINIMIZE PRE-LAUNCH
SERVICING

SELF MONITORING,
ENGINE READY SIGNAL

EXPENDIBLE IGNITERS

SELF TEST,
MAINTENANCE DATA,
REDLINE MONITORING

HARDWARE CONDITION
MONITORING

® INSTRUMENTATION

¢ PERFORMANCE
o DIRECT

OEXPERT SYSTEM
®DIAGNOSTICS

*PROGNOSTICS

‘ ' Rockwell
International

Rocketdyne Division
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CONTROL AND CONDITION
MAINTENANCE SYSTEM PHILOSOPHY

SYSTEM

PERFORMANCE CONTROL
(INCREASES PERFORMANCE)

CHARACTERISTICS

METHODOLOGY 4
KALMAN FILTER
MICROPROCESSORS

ROCKET
ENGINE

HIERARCHICAL

EFFECTORS
DISTRIBUTED CTOR

MIGRATION

INSTRUMENTATION

v

\ 4

CONTROLLER

¢ CONDITION

" MAINTENANCE

700-5328

‘ ' Rockwell
International

Rocketdyne Division

RB-11

(EXTENDS LIFE)

CONDITION MAINTENANCE

CHARACTERISTICS

r®*DATA ACQUISITION AND
ERROR DETECTION

®DATA INTERPRETATION
DIAGNOSTICS
PROGNOSTICS

¢ CONCLUSIONS/DECISIONS
IMMEDIATE ACTION
DEFERRED ACTION

HUMAN INTERFACE
CONTROL ADJUSTMENTS

\
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86D-9-2001

CONTROL AND CONDITION MAINTENANCE SYSTEM
GROUNDRULES

FEATURES

1995

2000

ADVANTAGE

CLOSED LOOP CONTROL

DIGITAL/MULTI-VARIABLE/

DIGITAL/MULTI-VARIABLE/

OPTIMIZED PERFORMANCE

PHILOSOPHY OPTIMAL ADAPTIVE CONTROL
SOFTWARE LANGUAGE HIGH ORDER HIGH ORDER REDUCED MAINTENANCE
EXPERT SYSTEMS DEFERRED ACTIVE: ENHANCED FAILURE
DETECTION
REDUCED MAINTENANCE
PROPELLANT FLOW ELECTRIC/HYDRAULIC ELECTRIC REDUCED SYSTEM
CONTROL , . COMPLEXITY
IMPROVED MAINTAINABILITY
INSTRUMENTATION PERFORMANCE DIRECT MEASUREMENT ENHANCED FAILURE
DETECTION
REDUCED MAINTENANCE
MICROPROCESSOR 32 BIT PARALLEL PROCESSORS INCREASED PARAMETER
TECHNOLOGY THROUGHPUT
INTERCONNECTS COPPER FIBER OPTIC IMPROVED SIGNAL CAPABILITY
DECREASED WEIGHT

‘F’ Rockwell International

Rocketdyne Division

RB-13
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ADVANCED CONTROL EXTENDS LIFE AND
IMPROVES PERFORMANCE

‘ —_— S —
IMPROVED
/ PERFORMANCE
\

ADVANCED

n_.>wm_0>_.

TEMPERATURE

TIME

700-559A

‘ ' Rockwell
_imq:mao:m_

Rocketdyne on RB-15
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o CONTROL SYSTEM FUNCTIONAL CAPABILITY vs.COST

ANALOG (ALL HARDWARE) DIGITAL
(HARDWARE &
SOFTWARE)

>mmz_m

SOFTWARE
COSTS

HARDWARE
COSTS

S R

INCREASING MISSION
REQUIREMENTS

‘ :
4124328

Rockwell
International

Rocketdyne Division RB-1 7

o



2L/upeg | el-a

*SINDINHIIL 3AILAVYAY ANV TWWILAO
QIONVAQY IHL 40 I9DVINVAQY VL OL AIHINDIY 38 1IM WILSAS TLI9IQ V *LYVHD
SIHL NO NMOHS 3¥v 341S 3HL NO 3ISN ¥04 S3IY070Q0HLIW T0YLNOD 3ITEISSOd FHL

NOST dYdWO0)
NOILYINIW3TdWI/A90T0G0HLIW T0YLNOD




CONTROL METHODOLOGY/IMPLEMENTATION

COMPARISON

CONTROL METHODOLOGY

CLASSICAL

MODERN

CONTROL APPLICATION

OPEN/CLOSED
LOOP MULTIVARIABLE

OPTIMAL

ADAPTIVE | LEARNING

298-2558

o\

IMPLEMENTATION
MECHANICAL
HYDRAULIC
PNEUMATIC

ELECTRIC

FLUIDIC

Rockwell
international

Rocketdyne Division

>z>So_

ANALOG

ANALOG

- ANALOG & DIGITAL

DIGITAL

ANALOG & DIGITAL

RB-19
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SOFTWARE DEVELOPMENT vs MAINTENANCE COSTS
|

-~

SFECIFICATION 10%

|

|

|

“ DEVELOPMENT
| 30%
|
L

CODE 20%

REQUIREMENTS 10%
|

MAINTENANCE 70% TEST AND INTEGRATION 45%

SOFTWARE OPERATIONAL SOFTWARE DEVELOPMENT
LIFE CYCLE LIFE CYCLE

86D-9-1992

‘F’ Rockwell International

Rocketdyne Division RB-21
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HYDRAULIC-ELECTRIC ACTUATOR OPERATING REGIMES
OPERATING POWER REQUIREMENTS

HYDRAULIC ACTUATORS HAVE
NOMINAL POWER SUPPLY OVER
TOTAL ENVELOPE

ELECTRIC ACTUATORS

MASS (NOMINAL SIZE POWER SUPPLY)
FLOWRATE
{LB/SEC)
O [
3
mw RESPONSE TIME (MILLISECONDS)
8

‘F’ Rockwell International
on

Rocketdyne Divisi

RB-23
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86D-9-649A

CONDITION MONITOR PARAMETER SUMMARY

MEASUREMENT TECHNOLOGY
FAILURE HARDWARE
MODE AFFECTED 1SOTOPE DEFLECTO- TORQUE PYRO- ACOUSTO- EXO SPECTRO- HOLO-
METER METER METER OPTICAL ELECTRON METER GRAPHIC
WEAR BEARINGS X
SPACING BEARINGS X
RUBBING/ BEARINGS, SEALS X
BINDING .
THERMAL TURBINE BLADES X
STRESS
CRACKING TURBINE BLADES X
DISK, IMPELLERS
FATIGUE TURBINE BLADES, X
DISKS, IMPELLERS
EROSION INJECTORS, X
NOZZLES
LEAKAGE JOINTS, WELDS X
REPLACE
SSHe e s SHAFT BORE- TORQUE 22X MICRO- BY BORE- SOAP
ELIMINATED TRAVEL SCOPE CHECK SCOPIC SCHEDULE SCOPE CHECK
PROPRIETARY INFORMATION
Rockwell International  nov 10 BE coriEp, UsED. OR DISCLOSED
L WITHOUT PRIOR WRITTEN PEAMISSION I
Rocketdyne Division FRAOM ROCKWELL INTERNATIONAL ~w I Nm
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297-483F

THOUSANDS OF OPERATIONS/SEC

COMPUTING POWER (SPEED) OF MICRO-PROCESSORS
HAS INCREASED RAPIDLY

IBM 360/85 (MAIN FRAME)

1P SPEEDS ASSUMES
NO WAIT STATES FOR
MEMORY SPEEDS
GIBSON MIX

16 BIT FIXED POINT

1500

N

480286-8MHZ
Y M68000-12MHZ

//.//////M

1000

(KOPS)

MP-COLLINS
AN

|||||||||||||||| ——— D — %/&WA

G T — T —— ———— T — — — S S— S .S avatn Sw— — ———— e S = — — —— —
»

‘ ’ Rockwell
International

Rocketdyne Division _.~W - N N
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N

CONTROL AND CONDITION MAINTENANCE SYSTEM

1995 vs 2000 CONFIGURATION

VEHICLE
CONTROL
SETTINGS

|

@I'

P DATA

DECISIONS

ROCKET INSTRU—
ACTUATORS = o< ™ MENTATION h

CONTROL _

LOGIC

DATA RECORDING

7y

CONCLUSIONS

“EXPERT” OR “EXPERT SYSTEM"

!

!

INTERPRETATION OF DATA

FUTURE—-PREDICTION

PAST--PRESENT

KNOWLEDGE OF
PROPER
OPERATING
CONDITIONS

PERFORMANCE PERFORMANCE
OR - OR
CONDITION CONDITION
PROGNOSTICS DIAGNOSTICS

>

:

DATA

|
|
| PROCESSING
|
|

|
|
o s lllllIIIL

ACTIVE
{2000)

rI|I|III||Illll'lII'IIIIII"IIIIII'IIL

Rockwell
international

Rocketdyne Division

RB-29

DEFERRED

—t (1995)
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86D-9-2000

CONTROL SYSTEM SENSITIVITY RESULTS

® SELECT CONTROL .O_u._._OZ | FOR LOX/RP-1 ENGINE 1

e USE GGOV FOR THRUST CONTROL

e USE MFV-2 FOR T/C OR ENGINE MIXTURE RATIO CONTROL
e USE GGFV FOR GG MIXTURE RATIO CONTROL

e USE MFV-1 FOR COOLANT FLOW SPLIT CONTROL

® SELECT CONTROL OPTION Il FOR I.OX/C3Hg ENGINE 2 AND
LOX/CH4 ENGINE 3

e USE GGOV FOR THRUST CONTROL

e USE MOV FOR T/C OR ENGINE MIXTURE RATIO CONTROL
e USE GGFV FOR GG MIXTURE RATIO CONTROL

e USE MFV-2 FOR COOLANT FLOW SPLIT CONTROL

‘F’ Rockwell International 10-44-0

Rocketdyne Division : RB-31
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1995 CONTROL AND CONDITION
MAINTENANCE DISCRIMINATORS

ELEMENT

ENGINE

5

Ll

12

18

CONTROL LOOPS — QUANTITY

INSTRUMENTATION — QUANTITY
e PERFORMANCE
e CONDITION MONITOR

VALVES
e QUANTITY
e TYPE

ACTUATORS
e QUANTITY
e TYPE

START SEQUENCE
¢ TYPE

® PROPELLANT CONSUMPTION

86D-9-1991

‘F’ Rockwell International

Rocketdyne Division

RB-33
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1995 STBE CLOSED-LOOP CONTROL DIAGRAM
ENGINE 1

FLOW + POS
CNTL COMPENSATION + SERVO ACCT & | MoV FLow
AND GAIN LIMIT LOGIC [P CHARAC
| Pc COMP & SCHEDULE e
M/R +
FLO
CMD COMPENSATION + SERVO ACT & POS MuFv 2 WIS
AND GAIN 5 LMIT LoGic  [™P| cHARAC » aama )
- s m
@ TEMP & PRESS (0, & FUEL) #
y OXIDIZER FLOW
FLOWMETER |
ENGINE M/R I
COMPUTATION FUEL FLOW
, [ ¢———— FLOWMETER
& —
p
o M/R M/R COMPENSATION SERVO ACT POS GGFV FLOW >
x cMD AND GAIN & LIMIT LOGIC —®1 cHARAC
2
8
M/R
M/R GAIN EFFECT
COEF FUNCT o
\ A
THRUST | |RATE AND - THRUST Pc AND » FDBK @
cmo [ COMPUTATION COMPENSATION m
LIMIT z
1 n
THRUST GAIN CROSS >
COEF FUNCT FEED GAIN o
AND COMP b
POS
;_Wr CoMpENSATION : senvosct o fos ssov | oL,
AND GAIN CHARAC
+
- [
= -
© + POS
o | |cooLanT COMPENSATION SERVO ACT MFV-1 FLOW
. _—_— | R Y
O lente AND GAIN o & LIMIT LOGIC CHARAC 2
& ~ m
‘ Rockwell FOBK
International TEMP & COMP

Rocketdyne Division

RB-35
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ENGINE 1 FLOW SCHEMATIC

LOX/RP-1, RP-1 COOLED
(] 02 FUEL

Lox ES r  FUEL
PUMP 4 LoX/FUEL B FUEL 7 4 PUMP
TURBINE KICK

PUMP

.

mﬂ_s_u<-._

—=—

MOV 4 . MFV-2

o
86D-9-1854

‘F’ Rockwell International

Rocketdyne Division  * RB-37
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ENGINE 3 FLOW SCHEMATIC

LOX/CHg, CH4q4 COOLED
FUEL
FUEL
KICK
% PUMP
LOX 13 mﬂrOx FUEL B FUEL
PUMP ] TURBINE TURBINE 3 A1 pump
A
GGOV [X
)
MoV & CALIBRATION MFv-200 B MFV-1
| ORIFICE
1
(
\n
[Ts]
@©
&
0
3
‘F Rockwell International
RB-39

Rocketdyne Division
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86D-9-1972

o\

LH2-COOLED ENGINE FLOW SCHEMATIC

ENGINES 4, 5, AND 6
FUEL
<
$
R
/ LH2
/] LOX 74 MAIN FUEL N
vcgvﬁ TURBINE PUMP TURBINE

H2

MOV ﬂ

\y/

Rockwell International

Rocketdyne Division

4

FV

/| LH2
N PUMP

1& MH2V
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VALVE CANDIDATES

TYPICAL NEEDLE-TYPE TYPICAL VENTURI-TYPE TYPICAL LARGE-SIZE POPPET-
PROPELLANT VALVE DESIGN PROPELLANT VALVE DESIGN TYPE PROPELLANT VALVE DESIGN

TYPICAL BUTTERFLY-TYPE TYPICAL BALL-TYPE TYPICAL GATE-TYPE
PROPELLANT VALVE DESIGN PROPELLANT VALVE DESIGN PROPELLANT VALVE DESIGN

‘F’ Rockwell International

Rocketdyne Division zw - N_. w

86C-9-668



vy-ay

1 X4

‘SALVEMO'Id SSVH HDIH ¥04 dADUNOS ¥AMO4 aADYVYT ¥ SIYINOAU

LNg SNOIOVINVAQY LSOW SI WILSAS NOILVNLOV DI¥LD3ATd JAHL ° SINIWIAWNINOIY
A71ddNS ¥AMOd ATHUYNOSVIY ANV SAWIL ASNOJSAY LSVJd JAVH SHOLVNLOV DITINVNAAH
"dNAOVE NMOALNHS ADNIDYIWE SV ‘InddASN F4 AVW 1LNd ‘TOYINOD J4LS HOJ AWIL
dSNOdS3d ¥V LVIAYD OOL FAVH WIALSAS DILVWNAND TVYANID NI °“NMOHS dd¥ SHOLVNLOV
OI¥LOA'Td ANV OJI'INVEAAH °‘DILVWNINd 40 SIADVINVAAYSIA ANV SIDVLNVAAY FHL

SOILSTYALOVHO ¥OLVNLOV JO AVVWWNS

v€/00L2S




86C-9-669

SUMMARY OF ACTUATOR CHARACTERISTICS”

ACTUATOR CHARACTERISTICS

ACTUATOR TYPE

PNEUMATIC

HYDRAULIC

ELECTRIC

ADVANTAGE DISADVANTAGE

ADVANTAGE DISADVANTAGE

ADVANTAGE DISADVANTAGE

*MECHANICAL AND FLUIDIC ACTUATORS NOT CONSIDERED DUE TO COMPLEXITY AND POWER REQUIREMENTS

10.

1.

12,

NEED WORKING FLUID

NEED PLUMBING

NEED THERMAL PROTECTION

NEED SEALS

NEED CONTROL COMPONENTS

EASE OF MODULATING
CONTROL

FIRE HAZARD

COMPATIBILITY

RAMP RATE CONTROL

SLEW RATE CAPABILITY

MAGNITUDE OF ELECTRICAL
SUPPLY

SIZE FACTOR

‘F’ Rockwell International

Rocketdyne Division
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ADVANCED ELECTRIC ACTUATED VALVE

e TYPE - DEEP THROTTLING,
LIGHTWEIGHT, QUIET FLOW,
SECTOR BALL VALVE WITH LINE
REPLACEMENT ELEMENTS

e LINE SIZE - 1'4 INCH ID

e FLUID - LIQUID OXYGEN

e PRESSURE - 2800 PSIG

e FLOW - 0.3 TO 28 LB SEC

& PRESSURE DROP - 580 PSI MAX

o INTERNAL LEAKAGE - 100 SCIM
He MAX

o ACTUATOR - DUAL RARE-EARTH
ELECTRIC MOTORS WITH BALL
SCREW LEVEL LINK

¢ CONTROL - MODULATING AT
100°: SEC WITH 0.1 DEGREE
PRECISION

¢ WEIGHT - 6.0 POUNDS

RB-47
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LOX/CH4, LOX/RP-1 TRANSIENT MODEL
START CHARACTERISTICS

PROPELLANT
CASE TIME TO 90% Pc, s CONSUMPTION, LBS REMARKS
LOX/CH, SPIN START 19 3115 T/C MR CONTROL (1)
LOX/CH4 TANK HEAD 3.9 3740 GG MR CONTROL, T/C MR
CONTROL (2, 1)
LOX/RP-1 TANK HEAD . 1.4 N.A.
l

(1) MAIN LOX VALVE THROTTLING IS NEEDED TO AVOID MAIN CHAMBER COMBUSTION ABOVE

THE DESIGN MIXTURE RATIO
(2) LOW DENSITY CHq PRIMING PRESENTS DIFFICUL.TIES IN KEEPING GG MIXTURE RATIO BELOW

THE TURBINE TEMPERATURE LIMIT
oTASK
*IR&D EFFORT TO COMPARE POSSIBLE BOOSTER ENGINE START SEQUENCES
®RESULTS
eHELIUM SPIN IMPROVES THE LOX/CH4 ENGINE m,._.>JA.

*SPIN START WILL SHORTEN THE ENGINE START TIME AND IMPROVES PERFORMANCE

86C-9.679

‘ Rockwell
International

Rocketdyne Division Ewlbm
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CONTROL SYSTEM FINAL
v e CONFIGURATION SELECTION

e UTILIZE LIFE CYCLE COST ANALYSIS
TO SELECT OPTIMUM SYSTEM ELEMENTS

e PERFORMANCE
e WEIGHT

e COST

e RISK

e RELIABILITY/MAINTAINABILITY

86C-9-678

Rockwell
International

Rocketdyne Division wm - m ._
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STBE CONFIGURATION STUDY
SECOND QUARTERLY REVIEW

AGENDA
® INTRODUCTION ...coeeeeeeeeeeeeeeeemssesessesssssssnssna reeremeereneareseseatanessesneasanesesaraesnsaensnas F. KIRBY
O TASK 1 SUMMARY ......oeoeeeeeieeeeeeeeeessessesssssssssssesessessessensssnssssesssssssssseseesessesmsees A. WEISS
e TASK 2 STATUS REVIEW
o SUBSYSTEM OPTIMIZATION APPROACH w...oeeeeeemeeeeeeeeeeeeeesersseeseseeens A. WEISS
© TURBOMACHINERY STUDIES .....coeoeeeeermeseeessseessssssmsssssssssssssssssssses A. EASTLAND
e COMBUSTION DEVICES STUDIES......... reeeeeenrereneateseeneseearanesesasansasans P. MEHEGAN
e THROTTLING ON-DESIGN/OFF-DESIGN STUDY ..eveeeeeeeeeeeeeeesannns W. BISSELL
D. NGUYEN
e CONTROL SYSTEM AND HEALTH MONITOR STUDIES.............. R. BREWSTER
8 .
2 0 ® SUMMARY ......oocrmeremrennrnsasssasensessssasessssissanes reevessensaeeneseeareneseesanesssaearssrssesesnesnes A. WEISS
o
Q
g
‘F’ Rockwell _
nternationa 1609m /27
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SUMMARY

e TASK 2 APPROACH DEFINED

e TURBOPUMP SCREENING COMPLETE FOR
FOUR CONFIGURATIONS

~ @ PRELIMINARY INJECTOR PATTERNS SELECTED

e SYSTEM THROTTLING DESIGN POINT TRADEOFF
COMPLETE

e INITIAL OFF-DESIGN STUDY EFFORT COMPLETE

Q3N 1ON INVYIE I9vd DNIAI0TNy

e CONTROL SYSTEM STUDIES IN WORK

86C-9-633

‘ ' Rockwell
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